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(57) Abstract: Use of a paramyxovirus vector makes it possible to transfer a nucleic acid into a blood vessel at a high efficiency 
even by exposing to the vector within a short period of time. Namely, a paramyxovirus vector to be used for transferring a nucleic 

^= acid into vascular cells and a nucleic acid transfer method with the use of this virus vector are provided. The gene transfer efficiency 
into the vascular media layer is significantly elevated by U-eating the blood vessel with a protease. The expression of the transferred 

^= gene remains stable over a long time in the vascular cells. Use of this method makes it possible to efiBciently transfer a gene within 

^= a short period of time into the vascular cavity, media, tunica tissues, etc. in gene therapy. 
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mmm 

(Nabel, E. G. et al., Science 244: 1342-1344, 1989; Nabel, E. G. et al., 
Science 249: 1285-8, 1990). MB^^mit\^ hOMmmmommmtLrom 

^U\Z$>^ (DeYoung, M. B. et al., Circ. Res. 82: 306-313, 1998)o 

©re-construction (Um^) X^^o v^D7r-S^*sMl*IlK^?SiHLs l&M 

mitxmw-\.tzm^p^m\t^tLx^mii^Mf^\^xnfzm^mmmmtmu 
mm^<DmB^mxi:^mmizi:^. Wi^(D^^^—^^)iir^v-h>mx\t^(Dmx^ 
\z. Mmw^mmmtMm^mz^^t^t^. ^ uy T-9^(DT^B^mx\t 
\zmxxw'm,m.t\^onmi^^i&ti>o 
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i^Iil^Tx^ M (Rome, J. J. etal., Arterioscler Thromb. 14: 
148-161, 1994; Steg, P. G. et al.. Circulation 90: 1648-1656, 1994) 
tJ^t h (Rekhter, M. D, et al., Circ. Res. 82: 1243-1252, 1998) om^LX 
V>>5cVMfll©cDrt^$fflllS (endothelial cells; ECs) 43 J:t>*^1^mtc. ^MM^^^ 
^mmzh^>:^yj^^ ht^C:ttfiX^i'b(D<D. ^"^^ (Feldman, L. J. et 
al., J. Clin. Invest. 95: 2662-2671, 1995) 43J:th*t h (Rekhter, M. D. etal., 
Circ. Res. 82: 1243-1252, 1998) (DTy'U-L.'&mi^^ii^n^^m (medial 

layer) ^(DT=fj ^-()\^x(Dm. t) TiL9i-m\^imm^ < . m^momm^Mt^M 
m^ti. v^o7T-i^-^¥^i@5m^^i^^i:^M^L*v^o ^(Dtz^s mm 
mx^^^n^tzmz\t\iLm.m§L\<^^mnmt^'Z^mx-&K>{YQ\^QR, l. j. et ai., 

J. Clin. Invest. 95: 2662-2671, 1995)> c:n(iiJ ^"t^y 4r — T'f>f^^}V7. 
(CAR) $::frbT'<^^5'-)|S^[^*sml*lt3m»)^i*^^Sfe«){3{i^ ftl^^CD 

tiX\,^^o l^ti>'>Vl/->*7"-7^;i/*(:iftJ;»)jfalfF*3jSm^^'g)Ci;{3J:o 

mm^-^^t^izEEti^Mi^:^m. mmzn)i^->i3y'-7-)ixm-o 
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^tt*^30^J^;±i:l^■5ftl^#F^;&^LT^^^ (Guzman, R. J. et al. (1993) 
Circulation 88, 2838-48; Mai Hard, L. et al. (1998) Gene Ther 5, 1023-30; 
Rekhter, M. et al. (1998) Circ. Res. 82, 1243-52; Rome, J. J. et al. (1994) 
Hum. Gene Ther. 5, 1249-58; Weeks, B. S. et al. (2000) Arch. Virol. 145, 
385-96) o 

•b>yi<^^Jly^ (Sendai virus; SeV, giJKF hemagglutinating virus of 
Japan ;HVJ) ©^>^D-r^a®&=i- M^fc U ^Jf v-A. 1-^tot»HVJ-U 4^ 

150 mmHg®^iAJE^ lO^F^O^ > t:;}t^AT*'t7lf :^^S&M©*ll^Mmc 
BO%l:i±0mX^Wm^tl%Zt^m^LX\,^^ (Yonemltsu, Y. etal.. Lab. 
Invest. 75: 313-323, 1996)o 'eot^CDM'^^m^mWmizX^m^iytzt:! 

6. ^^^-U'j'itfpmm±i^^mmbx^^tzztii^^, ^mm<^<DifsL'§m(Dm 
M'^^^^mmmmm^ (vegf) ijctti^bh-y-^ h^iiu^^)ixmwm^m.m^ 

^ (Yonemitsu, Y. et al.. Lab. Invest. 75: 313-323, 1996; Yonemitsu, Y. et 
al., Biochem. Biophys. Res. Commun. 231: 447-451, 1997) ^c^©^o*»©ji 

iie^ (Matsumoto, T. et al., J. Vase. Surg. 27: 135-144, 1998) Sfctilf 
^Sp53jtfe^^ (Yonemitsu, Y. etal., Circ. Res. 82: 147-156, 1998) ^m\>^ 

>"i7^';^;^$:M^^fcJ^^B^®^^ (Feldman, L. J. et al., J. Clin. Invest. 95: 
2662-2671, 1995) ^^f^^OX\tfi.fS^^fzo ^mi\Z\t. HVJ-'JjKV 
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o T * MCZ-aet PS e tlT*5 D ^ ^ -)iadFO^ji14*s^t)nT 5 d 
^^^^^ -©M^*s||^ix-Ci^feo 

*^BJ#^{i^ ^zyy^ tP^ (rSeVj iiB&t) ©'J^^•-X£^x^>7^^ 

LTV^5 (Kato, A. et al., Genes Cells 1: 569-579, 1996; Kato, A. et al., 
EMBOJ. 16: 578-587, 1997; Yu, D. etal.. Genes Cells 2: 457-466, 1997; Hasan, 
M, K. etal., J. Gen. Virol. 78: 2813-2820, 1997; Sakal, Y. etal., FEBSLett. 
456: 221-226, 1999; Bl^i&M97/16538^:fea;th'ffl|^i^H97/16539-^)o 
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@®M^ (vasavasora) (jfilifM$l^#M) ©l^j^JfflflS (EC). 0? (CitoW^M 
cDHiiig^m (adventitial fibroblast) ^3WtT^v^ h7>>^7x^i/3 >^ 

i W*3ie^^®^3l<i:g«3PHl$^-t'fe «5 . 'J>;fe < i: <fe ^ > h n -eiis 
c:i:^Mtiltfeo zti^<D^m\t. M'v©iie^^AW^©^S"C^ril«:Mip 

;i/X^^^-©i|^0?S:#Ji-r§<ii:t ^tt^n©!!^^)!^?^^!^^^^^^^ 
©if[iW^jt1s^?&i^ ^Stlz:-r 5 ^ i: AS RlIB i: * S o 

lacZ/Adeho-'i;^ 43 J: t>" lacZ-SeV T*J:bit Ufeil^T"*). lacZ-SeV © 

;&As<g^,^moiT•uA»^,^sB#FH1(2^F^) xMmp^^mm-^Mvm^^^^i^tzo d© 
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S4t 5 c i: ic J; ^ xMm'^mm^&B^mxx ^^^t itrnmnzmm v^ 
mmx;^*). ru7-T—^!i!iimb-<^^-(Dm^mi'p^mmizmmpimx$>iz 
t^:i^mm^hmmxmibis'tLtzo hMi&M^©^>brhDS'gjg« 

^m&is^ufcjg^x Sl^fcv^•r^^©rDxT-^fB^JM{3J;ot:^)lacz-sev© 
mm(D^mi^mmizMi^-:itzo w>^^imu J^llif©i:®m^T-g^^bTv^-5 

tPA. MMP9^!is(3*jv>-r4'iii^©««^^nfco *fe> c:n?)©-ji®ro7^ 

x$>^rzo z(D^^iz. :$^mm<o-<':7 ^-'imMmmx&-^rzf¥m(Dmmzmm 
t^ztn^x^. !Sa.'M^(o'^B^mx\zii\i^^mmmjimm\zm7L. ^mmtm 
m^^^mt^atifix^tzo 

m^. tt'j jix^^-^-iz^i^^x. /vi^-^tiy'-^Mzx^iisL^n^- - ~ 

±W^-&^m^-tfim^^hX\^^^ifi (Maillard, L. et al. (1998) Gene Ther 5, 

1023-30). ^(Dmm^mm<. ^iz^mmmm-^0m^i)m^o ztuzMbx 
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^t>-B- S d i: {I <fc o T> J: t) mmmz5ia.m<D-^ ^ d 7 r -5;-^¥?ti5mt^ jife 
^ ^ « At- 5 c 4> Ritg-C ^ o 

(2) TIB (a) 43J;T>* (b) {-ie«®xg;&, (a) (b) ©Ji^fcttl^l^T-fr 
(a) MUBilS^^tfMli^rDT^T'— tf«a-rsxg, 

i^)^c5P<t»?S#^$ns^ (2) {:gSil®:&^^ 
(1) *^?> (3) 0^^■r^^A*^cg3lg©;^^^ 

(5) MmmwM^nm.(jynmm. (jmifs^iiM) ©i^ij^iM 

(1) (4) ol^1•^lA^{zi3lg®;^«x 

(6) )^'yX^Vt?^)\^7sifi^y^>{t)^)\/7.X^^s (1) A*?) (5) ©V^-rn 

AMrs3«-©;^"^. -- 

(7) J^[lmiNelia^^^^&#A■r5fc4^>{Iffl^^5^ iat^x.>''?7^^i7ve7'i';i/;^^^5' 
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(7) Sfcli (8) (ciBIg®.^^^-^ 

(10) mmmifiM'^iHmmmm. M^g^rm imm^mitw <dp^& 

5^ (7) (9) CDV^^n**^3sBIB©^^^-x 

(11) (7)**^(10) ®v^r^^*»^3i3i4©mmx.>''?^^^v•^^;^;^^^^ 

(12) (7) (1 0) (Di^tMiZUm(DmWi^^^^^^'J^4)V7.^i7^ 

(13) ru7-T—^ifin^^i-~-{i, 31^;^^— fe\ 
^«c5i^J:?3SJR!^ti5> (1 2) (;i3«©:^';/ {Illl-So 
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tits m^i^t^^yK'^'j^^)i^:^cMkt:nmmLr^mt^^tifi-^^^o 

mtltA 7 ^ ^ V )l 7.U{Paramyxoviri(lae)(D'\z y^^^^ (Sendai 
virus)x :*J^;';^;H^ Newcastle disease virus K il&fzJlp<is>^tJ 
'i)\/7{^ym^ virus)x l^jl^'i?^';!/;^ (Measles virus)^ RS'^^' Respiratory 
syncytial virus)x (rinderpest virus )x i/T^T-y ^ )\/7 

(distemper virusK it;u>''«^'f >7;i/x>if ■i?-!';!/;^ (SVS)^ h h^-^^-T 

^'J't>-()ixm i Paramyxovirus) izJMt ^'^-( )l7^tzlt^(Dmmi^'^h?>o * 

;i/:^(Sendai virus)43J;t5b hmtji}ft:^t5^^'y^>y)l:!^>-*f':?^JV7im. 

S>SFi5J;Z>'b MlAl^cir?fe^tJ/t^>f >7;i/Ji>1f 3M./^7^ >7;i/x>if 4S 

(J. Virol. 68, 8413-8417(1994)) ^<D^^±^^ )U7,^s ■&^Lfc:t'Jrf 
Mx Fx HN. 4D<tl>'Liife^*«^lf ^n-S>o TNP, P. M. F. HN. :}3cfct>-Ljt^--?j 
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^^^K^^J*^^ Jixm NP P/C/V M F HN - L 
)i:7.m NP P/V M F HN (SH) L 

^-t>j'i7>f;u;^JS NP P/C/V m f H - l 

m^\t^^^ K i7 V y( (Paramyxoviridae) <D \^ 7. \f u ^ ^ )]/ 7. 

(Respirovirus) \,Z^m^tl^'b>V-( )V7.<D^mB^(D1^MMm(Dy''-'^ 
^-:^©T;^-b>;/S^3>§^(i. NPii^K^{COV^T(i M29343> M30202, M30203, 
M30204, M51331, M55565, M69046, X17218^ PJife?{ZOV^r (i M30202, M30203, 
M30204, M55565, M69046, X00583, X17007, X17008s M^te^^30^^T^i D11446, 
K02742, M30202, M30203, M30204, M69046, U31956, X00584, X53056. TMB^lZ 
■ol^^Xit D00152, D11446, D17334, D17335, M30202, M30203, M30204, M69046, 
X00152, X0213U HN^ie^{30^^■r{i D26475, M12397, M30202, M30203, M30204, 
M69046, X00586, X02808, X5613U Lit^5^^3ov^•rli D00053, M30202, M30203, 
M30204, M69040, X00587, X58886<&#^® C i:„ 

ti5o ^MBi^it^m^^^rzitAMizmiir^nrzmm-^$)f)m^o xiimj^m 

^0^{I43V^r TDNAj tit. -*I|DNA*5 J:t>'-*llDNA^^tyo 

ttz. rjfiiw«j tit. nsL^^mmtmm^mi.. p^m imm. ^m. ^ 
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m&mmi^mmw^mmi (ptca) ^(Dmmo'gmp^-^m^'^mx^n^mz. 

X'^tSJ^ti'^omj^^'btz^to ;/Xv> (Guzman) ^\t-(>\^ huom^lz^ 

(VSMC) ®25%t h7>;^7x^ ^$n^ 120^®mST-*)80%Hb*^h7>;;^7 
^^n^i:^^c:i:$r^^UTV^S (Guzman, R. J. et al., Circulation 88: 

2838-2848, 1993)o Z<DZt\ts BSMC^^fflV^fc*^B^#^©||)|^^3:fo^^T^^t^ 

n<fe^?*-r 5 ^ *«-r- ^ ^ ^ i: ^ ^ig s o 

^^m&^omMlt. «M[*l{;:fevsTmS^a.-^U>*5j;t>-S#ibs- 

^^''>-f;i/;^**?&±®'!7'>'Ai:fflS#fflbftVAc:^*^bT*Jtis «<b3&if®§g 
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r fiji i: ^^ a ^ T*® t J: o T ^ nr t^ s 

(Hurwitz, J. L. et al., Vaccine 15: 533-540, 1997)o ■tyy^^^Jlyf.OZ. 

o S C i: H c5 { t S ® T- -5 o 

^5^^-i:tTtt^ i|t^3$lJRg{i5&^^o ifii'ajm^^/^^ ^ V'i7>f 

N (^^^l/^^^ri'ri/ h')s P (3}^;^J^)x M (Th ^}-j^7.). F (7i-S;3 
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ASi^oiie^® V\ -r ^« b ©T- o T J: ^^o mfi 
^:y^>{tf>{)\^7.^^9-^nm^^^^^^. NP. P/Cifectm^ife^^A^A, 

S 5Se? & S {3 ^ ^ - y A 5& 3 - h- f S ^3S^ ^ ^ - # A u 
o^TXJWmVii.. 'i'^';i/:?^**®BH^J^©t^-e^< i:*). ^©^Aicijtt 

jie^^i3-Kt^'!7^;i/;^'yy ARNAi:. N^fiMx PSfiM^ 4DJ:^>'LMeMi: 
;g:^tfRNP>6s^{f ^nSo c:©J;^&RNP^«rt{C^A•r•5^^ N^aSf. Pg^ 
M^ *5J;ti^L^eM©fl&#{cj;t)'i"f;i/;^yyA*s|g3i. i^Ssfi-^'f ;i/ 

;^^^"^-;t)^lifgt-5o " ■ - - . 

Wi-kmm:.MXt^\:.\tMX\l ')it^-7 ^l^p V7 X y^if^n fi^^r. 
V-A:&ifi:|t{3^^i*:$ffM^-^T#A-rSCaASRrtgT-*So ^mi\:.\t.. 
«^©h^>;^7x^i/3>iS^>f)SfiJffiT'^So m7i\-l. DOTMA (Boehringer). 
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Superfect (QIAGEN #301305). DOTAP. DOPE. DOSPER (Boehringer #1811169) ts: 
*>T-^5 (Calos, M. P., 1983, Proc. Natl. Acad. Sci. USA 80: 3015)o 

:itiz^f)nozt.ifix^io zoojioizi^xm^^tiro^ )i7,^^'^-it. 
m^m^ jix tmmiz^i.mmiz^mvxmmm^^mzti)K mm^zmx^ 
titz^'i7^~-^^ i,itzti^(DK^rtiii^(Dm^^^iKmLx\>^^tz6bs mwtm 

^^Min^t Lxit. mtitYMB^ii^v^/trzimm^wmi^ii^o mk. 
mm^nodtifix^^ im^^mmm^ pct/jpoo/o3194 ct 

PCT/JP00/03195)o mti^s F«e^AS^feWC*m*nfe^S£m<&ffl^^ 
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i^n. mtit7km^a[^^o-[)i7. (vsv) ®G^>yi^M (vsv-o ^mif^zt 

**T- ^ § o :*:^B-a® ^ ^ ^ V ^ ^ ^ -(i. VSV-G^ ^ if © J; a 
>f As^b b■Cl^ -SFSM eSis J^t/f/ 1 fc{iHNS&K*^a LT ^^T 

yA-e<i«C<T*)s Dm^(J.Virol. 68,8413-8417,1994)^i:*®^^^'i7>r;b;^ 

^ - S fcli^±lfeSi*±©iifi^^d: if) ©^]S{c J: !3 #tiJ&$*iT ^fe «t v>o 

?A^a^^^^tlfe^»©T•$)o•r*J:^^o :Ri*:fl*j{c(i. ^^fiasa^-es-sNP^ifi 

nWi^^X%i>^-^^))/^^y (hemagglutinin) i: ^ ^ ^ 
(neuraminidase) ?Sf4h©P#©?St4$:W-rS**> «»l;l«Hfi#©fSi4^^«)5C: 
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At So 'i7^;i/;^^^^-DNA{3^3l5ite?*#A-r-5il^li> M^t. 

^-DNA{i45i.>TJi.te^i^ig(E)K^J i:te¥5i$&(S)BByai:©P^:& if 
6®f^i{®iI»^$Wt§E?iJ*l$A1-S^ i:*^^* tv^ (Journal of 
Virology, Vol.67, No.8, 1993, p.4822-4830)o ^MMB^it. ^-()\^7.(0^m. 
fe? (NP, P, M. Fs HN. iJiU^Ljie?) cDHui5J:t;f/Sfc{±m5{3*iAt-S^fc 



wo 01/53491 



PCT/JPOl/00087 



17 

(Dmmi^^^mmt^ztifi-^^^ mmmm^ pct/jpoo/o605i)o ^tz. m 

2000-152726 #BS)o c:©J;dJc. AiiiSUix ^itfe^omS©^ 

^ ^ -©^4{3 ^ ^#Ajt{E^©ig^^Aiai4=£^s-r:l^tt. 

S ^ 7^ >r T^il© S ^ < 5' (iij J3 b fc D s fe¥^$Sia3«J <£S&^©i£u © 
-rs^c^'UTx M^©'i7^;i/;^^^^->(p^©^j^i/^;i/^ig<^;i-5c:^-e7i 

^^3ie?;£^atc*fAT'#5J;a{c-r-5fctotw.|fAg5{ai3^o-^>^-t>- 
^*«fi^»f^*}fA-rsc:h*st^So ^D-^>y-y-^ htt, Sfg(©»M^ 
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^^MBi^^mt^mmt^y'$^-( ^-()i::^^^^-its mtit. Kato, a. et 
al., 1997, EMBO J. 16: 578-587 :St>' Yu, D. etal., 1997, Genes Cells2: 457-466 

izmxt^m^^mizt-^xmmt^o ^mtt^mm&m^Wf^izmmm 

miiLifi'^^ti^m^its ^mmi^^mmxwjihf:t:m\^^Xs =i-K-r-5T^y 

(E). /^^SESE?|J.(I) ;stj«fe^r?i$fiE?'j (s) (EisiB^?ij) ®=rk^-:&^^r^D■r;sfci^) 

(3. NotI»J|ll#m«0»rMBB?'JSy^i|£^?i^)^E^J (E). ^SiB^J (I) Rum^m 
(S) il@6<Jji<5?®-gP®gB^!j^&^tf:r^'l' V-^^TiitTv 7;i-'7-K{|J 

izBM(D2VX±(D7 ^Utf- H ($f t L < <iGCG*5J:l>'GCC3&ir©NotIEISIMS 
3l50BB^|JA^^^tL^c^^4^S. Mk:$ftL<{iACTT) ^jSIJ^U •^03'tJ{::NotI 

opi^g^ \'>mib>^zti^^isbxoM(Dm5i^&m^<Dmn^mubtcmmt-r 
«^©^sttGs fc{±c^:fe ^ J: -5 izm^mocduij^ihrnz^mm^mm tr 7 

7 - K <J :3 DNA® 3* (D^^ tt^Zti}mtb\^\ 
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GCG4^cfclJ^(H3CJ&:^f®NotIMg|5^^S*®B^^J*s^tn^c^^4^». St::«F$ t < 

ttACTT) ^m^L. ^(Dymizmmm^mcggccgc^nmu ^hiz^coym 

Sct9t-^SI§!t*gSlf-tS (^^t)^9)§ r6©;i/-;i/ (ruleof six)j ; Kolakofski, 
D, et al., J. Virol. 72:891-899, 1998)o ^ ibizmAm)T-<D3' miZ-\z>V^ ^ 

)]y:^<Dsm,m<Dmmmm.m. »*t<ii5'-cTTTCAcccT-3' mnm^-. l)^ i 

mm. *f ^ U < 5' -AAG-3' ^ E SB © tl ffi IB . $f ^ L < 5' - 

TTTTTcmcTACGG-3' (iB^ijii^ : 2). ^ ibiz^m' mizmmomkmwu^ti^^ 
h^^ifi^mizmpLxmz^mmmMCDmmmcDm^o^mmtrziiciztj: ^hxoiz 

i:*ST-^So $?Sb<ttVent/J^Up<^— If (NEB) ;&MV^TfTV\ UifeSfl^Jif 
M-liNotlT-Y^^btfe^xT-^;^ ^ K^^^-pBluescript©NotIg|5{i{;}iA-rSo 
f#^nfcPCRM%©^aSB3''J*i^-^x>iJ--T*«UiEUi.^iS?!j©r7;^ ^ H 
^Mifil-rSo ^©r^;^^ h•A»^)#AWrn•$:NotlT•^^)aiL^ AcDNA;&:^tf 
r^;:^^ h\ pSeV18*b(+)(Yu, D. et al., Genes to Cells 2: 457-466, 

1997)tfe{ipSeV(+) (Kato, A. et al., EMBO J. 16: 578-587,1997) ©NotIM 
iZ^U-=.>'!/\^, ^*cDNAAS|aiiSnfelftJ^;t-b>^>f •>^';i/XcDNA$r^So 

^fcr^;:^ ^ h'^^^-mMescTipt^if\-^tiznou^mzmmmx\y.mnt'i: 

D-C«^^SC:i:*ST-§5 (Kato, A. etal., EMBO J. 16: 578-598, 1997, Hasan, 
M. K. et al. J. Gen. Virol. 78: 2813-2820, 1997)o '^^mz\X. ^"rNotl^J 
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ISM&*tS18bp©;^^— y--gE?iJ (5' -(G)-CGGCCGCAGATCTTCACG-3' ).(BB?'J# 
^: 3) ^D-n>^^^nfc-fe>iJ^^' 'J;>r;i/:^>yy AcDNA (pSeV(+)) ©U- 

Lx ffF3^^5^>'l/^'i7^';i/X©T>5"':7'y A|g (antigenomic strand) S3l5©gB§g 
S!U^1f'ri:.g|J{4?&^tfr7;^^ ^•pSeV18♦b(+)&^#5 (Hasan, M. K. et al., 
1997, J. General Virology 78: 2813-2820)o pSeV18*b(+)®NotIg|Jffit-^3l5ae 

•i; ^ ;L';^ ^ - ^Hijg-r S ^ -©y y A & n - K t -SDNAOijgffl 

tell t So -i? ^J' -DNAA» © -i? ^ -r ff 

d d § S ( 31^^^^97/16539-^; g|^&^97/16538^; Durbin, A. P. et al. , 
1997, Virology 235: 323-332; Whelan, S. P. etal., 1995, Proc. Natl. Acad. 
Sci. USA 92 : 8388-8392; Schnell. M. J. et al., 1994, EMBO J. 13: 4195-4203; 
Radecke, F. et al., 1995, EMBO J. 14: 5773-5784; Lawson, N. D. et al., Proc. 
Natl. Acad. Sci. USA 92: 4477-4481; Garcin, D. et al., 1995, EMBO J. 14: 
6087-6094; Kato, A. et al., 1996, Genes Cells 1: 569-579; Baron, M. D. and 
Barrett, T., 1997, J. Virol. 71: 1265-1271; Bridgen, A. and Elliott, R. M., 
1996, Proc. Natl. Acad. Sci. USA 93: 15400-15404)o cn^®:^St3 J; t), y1 
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It ^ i: (3 J; t) ^ ^^14© -i? -r Jf^fig^ -a- ^ Rrigr- 5 o 

®iivxit, m'^(Dh^>:^7:c^i/3>m.mi)mmx^^o m^ii. dotma 

(Boehringer), Superfect (QIAGEN #301305). DOTAP. DOPE. DOSPER (Boehringer 

#1811169) tji^ifim-f^ti^o (DtLxitm^i^v>m-^)vi^fpi.^m\'^tzh^ 
>xy :ii i7 3 ymtm^ ^ti. z<D:^mizj^-oxmmiHcx-otzdMitn'k'm 

{3^tiji*nSA«.^l*I{z<fe+^^S©DNAA$A5C:i:*s^^*lTl^5(6rahain, F. 
L. and Van Der Eb, J., 1973, Virology 52: 456; Wigler, M. and Silverstein, 
S., 1977, Cell 11: 223) o Chen:fc J:t>*Okayamali h 7 7 T-^liOSiSib^ 

^mu 1) mm^^mist<\so(D-(>^3.^-i^3>mv^^ i-^ax cog. ss-c. 15 
~24B$F^. 2) mk\tmw^^^mi(D^oifim>&i:i^M<. 3) mmwi^mmm 

JgA^ 20~30yag/Dil®i:^gia3&:tt^Aiff enSi:|g^bTV^S (Chen, C. and 
Okayama, H., 1987, Mol. Cell. Biol. 7: 2745)o ®(Dl5mi.. -3©6*J3&h7> 
7.y:^^i^3y\zmLX\^^o ti<mm-=r^7.Y'7y (Sigma #D-9885 M.W. 5 

X 10*) M^ma®DNA«iigi±-eiiS^ h ^ >^ 7 x ^ a y^^o :^mtm 

Mtb^tzlsbizi7UD^>:^mt^Zti)X'^^ (Calos, M. P., 1983, Proc. Natl. 
Acad. Sci. USA 80: 3015 )» ^(DlsmimUmimtmtti^yjmx. MMMiR 
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mmm. m7.o%. {wm^o^^^-jr. he) om.^. n-jyr-(hm 

>U^**jii bT I > S o $?® (C Superf ect Transf ection Ragent (QIA6EN, Cat No. 
301305)> ^ DOSPER Liposomal Transf ection Reagent (Boehringer Mannheim, 
Cat No. 1811169) ASffl^^e>n■5o 
cDNA** e> 1 li»:© J;d(3tTfTaiI^*s-e§§„ 

245t:*^^ 65^^Jt®^^:^^'>^7°l/- h*;t(±100mm^h U1II1^T\10%'>> 
Ji&iSM(FCS)i5<fcTO^^H (100 units/ml 'J >G43J:m00/tzg/ml ;^ h 

l/7-hv>f$/» «:^tfSM»^^Jfe (MEM)*ffll^r-b-;i/Wiifi3l5«mLCMK2 
^70~80%3>7;i'X> h(z^§t-et*#U> «?iJx.« l//g/ml psoralen (V7 1/ 
» ^^-^ UV.^MMS;&20^M-r-^^S^b bfcx T7^ U ^ y-'iz^mMt^mm 
7L^^i^=.7^^ )\^7.\m-Z (Fuerst, T. R. etal., Proc. Natl. Acad. Sci. USA 
83: 8122-8126,1986; Kato, A. etal., Genes Cells 1: 569-579, 1996) $r2 PFU/ 

mykmm. z-^m/xg, j:D»*b<(i3'-5>tzg©±i3©mtfeA-b>i/w' 
'>^';i/;^cDNA&> ±fi-b>^-r J h(D^m\z>z^^tjLV'7y7.\zi'^mt 

)V7.^yf^^m^^Mt^r^7.l.Y (24-0.5xzg©pGEM-N^ 12-0.25/xg 
©pGEM-P. 43J;t>'24-0.5Atg®pGEM-k J; D^if ^ U < (i0>Jx.{il/zg®pGEM-N. 0.5 
)ag©pGEM-P> iJj;Ufl>ug©pGEM-L) (Kato, A. et al.. Genes Cells 1: 569-579, 

1 996 ) iimz Superf ect (Q I AGENtt ) ffl V ^ U ^ 7 x ^ >> a > {C J: K ^ > - 
;^7x^i/3>1-So h v>;^7x^i/^>^^T^fciiflStt^ mMlc j; t) lOOju 
g/ml© 7 r > l^S/ > (Sigma) :Rt>*^> Yi^y7^\f..f i/ Y (AraC). <t D L 
< (i40//g/ml©i>' h S/yT^ t^y K (AraC) (Sigma) ®o^$:^tfjfil^i^^©MEM 
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m^mMzti^oizMMomi^m^^m^t^ (Kato, a. etal., 1996, Genes 
Cells 1: 569-579)o h ^ >;^7 i/g >*»^48~72^P^^gJg«^. «*[e] 

# S li^ J. > ^ D - r ^ > / 1 i> M & |gm f LLC-HK2|fflia 5& h 7 > 7 X ^ 3 

>■rn(^J:^^o h7>;^7x^i/3>§fTofeiaBia{zx>/vtp-r^>^i 
^ ^ -^mmt tt-c^ i {m^mmm^ pct/jpoo/o3194 ^jj^ut 

PCT/JP00/03195#,^)o ±i3®»lSlill«IHct-5lBI!S58f#tl*10Bllt>©^ 

immmiz^^ti^o-i jiT^timitmsmmmmmm^mMt^iitiz^^'^ 

^t^ZtifiX^^o HAfi Tendo-point ^lilR^j (Kato, A. etal., 1996, Genes 
Cells 1: 569-579; Yonemltsu, Y. & Kaneda, Y., Hemaggulutinating virus of 
Japan-liposome-mediated gene delivery to vascular cells. Ed. by Baker AH. 
Molecular Biology of Vascular Diseases. Method in Molecular Medicine: Humana 
Press: pp. 295-306, 1999) ti^^tS:: ^So ^gAU#5'7^S/n 

T^'OiT.vm-z^m^t^rz^sbiz, m^tirzmmmu.n^m:^i^^ (^^i^^io* 
i;x±m^j^tz tiiix^^om^tirz'^>()ixx h ^^^it-sovr^k^t^ziiifi 

T" §i)o IIIiR'^tl^-fe^^'r 'j7^'71/X©-;'3ifi<i; iim 10*~10^ PFU/inlffe t)^ ■ 
mz^1^ti^U^iy=^T^^)V:^vm-3itmmiO'''^lO* PFU/mlW-Tt-feSo 

^CV^o mtits LLCMK2m. f-^U^S^OCV-im. /NA;^^-»fi3f^CDBHKm 
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ru hD-Mu, ^i^nmmm&m^j , f^m±, pp.i53-i72)o 

X,^'t?^ JVXmmyu pp. 68-73 

(1995))o 

(D^oizno:itti^x^?> (m^iamm^ pct/jpoo/o3194 43 j: t>* 

PCT/JP00/03195#^)o 

<1> F^^S-feV^-r 'i7^;i/;^'yy AcDNA:fe.i:OT^]Kr7X ^ 

■fe>^'f -i?^;!/;^ (SeV) ±m^^Amk. pSeV18*b(+) (Hasan, M. K. etal., 
1997, J. General Virology 78; 2813-2820) .(rpSeV18* b(+)j (i rpSeV18*j t 
®cDNA;feSphI/KpnIfr^<bLT7-7^^> h(14673bp)?fc|llJRUs pUC18 

tZ^D-->^LT7-^;^^K PUC18/KS tt^ ofiKm^iiL<Dmmit ® PUC18/KS 

t LT Fjie^©0RF(AT6-TGA=1698bp)5£|^V^Tatgcatgccggcagatga(ia^JS^ : 
- ~ 47 r-Mi^V. Fl^^SSeVyy AcDNA (pSeVlSVAF) ^^^f-So PCRii.-F® 
±»S mi (forward: 5'-gttgagtactgcaagagc/iE?iJS^^ : 5 , reverse: 5*- 
tttgccggcatgcatgtttcccaaggggagagttttgcaacc/SH3^J§^ : 6 )> Fitfe^CDTSS 
iZlt (forward: 5* -atgcatgccggcagatga / SB ^'J § ^ : 7, reverse: 5'- 
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tgggtgaatgagagaatcagc/SB^!J#^ : 8) (D?cm<^^lcomil:j^f&t?>o Z.(D^ 
(4931bp) * mtSt t Xmmz ^U-=:>^ Us pUC18/dFSS t -5 o C (Z)pOC18/dFSS 

^^m^'^it.pms/mscDF iK^miinz$>^mmmm lisn^^u NgoMivgp 
mzmxt^o :i(Dtz^izit. m^im^MBi'mti^. Nsii-taiidr^-f v- 

<2> sev-¥m&^mmmmt^^)\^y^-mm<oim 
-bv^-f '^7'f';i/:^®F^tfe^ (sev-F) ^mmt^cre/ioxmrnm^My^T.^ 

K®^^liSeV-Fiia^ ^PCRfJi*! Cre DNA'J n > t:^— If J; itfe^^i^ 
^^^^Ji^nSctatlgtf^nfcr^;^^ h* pCALNdlw (Arai^> J. Virology 
72, 1998, 1115-1121) ©a.--^-tJ->f h SwalgPffitH^A U> i/^;^^ K 
pCALNdLw/F^«^f -So 
F^iiyyAA^^,gf^'j7^;i/;^)IS^$r[elJR-rsfca6x SeV-Fge&^StS'^;!' 

^^ms^miic-mzmm^m^^^ztt^x^^c iic-mzmmit. io%<DmmmL 

rhT^t/y 50Ag/ml;&^ftnLfcMEMf37»Cx 5% COzT-J^ilt 5o SeV-FJtlE^ 
m^itm^mm^^^t^tzl^. Cre DNA'jD>l^:>r— If^i^tf^Fafe^lltl^gl 
#^M^.ns«tdm9;li-^nfe±H3:7-^;^^ KpCALNdLw/F;&v U >^*>'US/>i7A 
(maiinnalian transfection kit (Stratagene)) iS^^T'D hD— ;i/t3 

m^xiic-mzmmizm^^mx^ndo - - -■ ■ 

lOcmri/- 40%3>7;i/x> hS"e^Wl/fcLLC-MK2iiIia(C10/zg© 

r^;^^ h'pCALNdLw/F^^A^s lOmlClOX FBS^^tfMEMi^flfe{IT> 37''C©5% 

CO2 -i'>^i.-<-^-ctJ-e24raj§#-r§o 24itr^^t«^&(iAst. mum 
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10clIli^-^'-^5^^[^ffl^^^ Sml 2ml 2*fcv 0.2ml 2|KtC^t. G418 
(GIBCO-BRL)*1200x^g/ml&^tflOml®■10XFBS*^tfMEMJg«b^3T^I^S^f^^^ 2 

iRfSo lliRUjfe§^n->(ilOcmru-h-ezi>7;i/x> ht'J&^S^T-ffi:^^ 

^^ T5=^>' )l7.kxCmre^^mh<D:^m (Saitoetal., Nucl. Acids Res. 23: 
3816-3821 (1995); Aral, T.etal., J. Virol. 72,1115-1121 (1998)){C J; ») moi=3 

<3> FiK^sev^-f )i7.<Dmmmwm^ 

±H3 pSeV18VAF O^^m^^ifimX^tltzr^ :^ I K ^JilTO J; ^ H tT 
LLC-MK2Wt h ^>;^7x^i/3>1--2)o LLC-MK2 «:&5x 10«cells/dish t? 
100mm h initK^. 24^^tg«^. V 7 b > t^^&m^^^ (365nm) "t? 20 ^ 

(Fuerst, T. R. et al., Proc. Natl. Acad. Sci. USA 83, 8122-8126 (1986)) 
tzg^af mP^^^^iti) (moi=2~3. mmizitmi^Zifim\'^^tl^)o 9^^^- 

y^?^ )i7.^0m^ummat. m^iti^u h^'i)vy^5:^ifimm^titz uv 

Stratakinker 2400 (*^Dy#^ 400676 (lOOV), T.Y'y^V-y^, La Jolla, 
CA, USA) $:fflV^§o IfflflS 3 L T ;!)^ 7°^ X ^ K pSeVlSV AF-GFP, 

pGEM/NP, pGEM/P, St>*pGEM/L(Kato, A. et al., Genes cells 1, 569-579 (1996)) 
*-?tl-eni2/zg, 4/zg, 2^g, :S?54yUg /dish ©«ifrOptiMEM(GIBCO)HSg® 
L'> SuperFect transfection reagent(l//g DNA/5//1 © SuperFect, QIAGEN)^: 
Antig^bs ^^a-r-lO^^P^SlS^s ««|fi<3(335l5FBS$^tfOptiMEM3mltZA*lx- 

^Ux h i^y/3-\i-T^ \f.jy^ Jiy K40/zg/ml (AraC, Sigma), h 'J r>>>7.5 
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p.gh\ (GIBCO) ^^tfMEMT-70^P^J$«t"5o cne>®M?&IiiR U ^Ix'^/b 
^OptiMEM {::5SiS-r5 (10' cells/ mDo ifHSife^^: 3 lellStJiiUTlipofection 
reagent DOSPER (Boehringer mannheiin)i:?g-& t (lO'cells/ZS/^l DOSPER) ^jg 
T'15^i&atfe^^±i3T-^D-r:>/f UfcF^M^>»W^-ii)iScD-oLLC-MK2/F7 
iNBHStc h7>;^7x^S/3> (lO^cells /well 12-well-plate) U ifilriS^* 
35:V>MEM (40/ig/ml AraC, 7.5//g/ml h U r>>>$^tf )T-lg«L. ±Ji&|5lJRt 

^JibTi>Sfcto> x>^D-7•3tfi^^^^itTv^^v^•^7^';^:^^3lt^yy A 
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mM<D'^^)i7.^^^-^^m-k^yi^'p*j >mmm^m^m7i(, (pbs) tj^ifx-mM 
^m^m7K (PBS) tj:^-(:mMi^mt^zti}^x^^o ^tz^^mmo^-oi^^^ 

mtx$)?>o /^y^^v'y^)v^^^^-^mmbrzm^^mx(Dmmttj:^m 
* tzimmcom^^j^ i^tmmx;^:^ » 

:^mM(D^'!7^-i>zji^M'sm^mMtvrz^m<DMM.ttjii).o^m^.. m 
1 ) m^i^mmmw^mm (ptca) ^^nm^ 
3) M^mm (7.^7.1,) 

> ' T^^-^-'^-. mmm^s.jit'^m.mmmm^ (tfpd ^te^^A 
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1) mmmmm^m^^ m^itv53, pie. pzitjiif) . 

3 ) ^mmmMmmmim^m^^ m^it. eNos. cnp:c^:^ h v oi^mm^y 

4) MW^mmmf^Mm^MB^ m^it. ms. cNP^ir) 

5) ifiiW¥riS5«M^:t>5^-\'>:?^;i/iie^ (0iJ;l(i. C*:;^ii^Kir 6.2* 

7) m^a^^ji&JSg&PISH^jife^ mK.iI. TFPI : Tissue Factor. Pathway . 
Inhibitor^ if) 

8) Mmm^m^^^^ m^^t vegf. fgf. HOF^siif) 

n^t^ZtlfiX'^^o ttz. exvivo{CJ:Si9#*ffoT*)J:v^o in vivo 
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2Qmm (Seiki, M., 1999, APMIS 107: 137-43) tm^tlXi^^^o ^cDftb^ 
m:=i^^i-—^4mm (Stolow, M. A., 1996, Mol. Biol. Cell. 7: 1471-83). 
^-mitmm (Nomural, K. et al., 1997, Biochemistry 36 ( 23): 7225-38 ). 
Clostridium histolyticm ^^:2'y (Yoshida, E. and H. Noda, 1965, 

Biochim. Biophys. Acta 105(3) :562-74) ^ciTAs^SnS]. x^;;^^-- if, 

mmmr^7.^y-^>T^^^-^- (tPA). 0:^:^-4?, ijT-r 

iyy (B, L. D, G). h';7-$/>. Vuy\^yU}fi:^m-f^n^i^. :itih\zum 
x.^7.9—\z. y^^K>. X' h 'J y^xy^^uyuT-y—ii (mmp) f£t:ifimf 

□ ■7^:^--tf i: tTli. m^\tn^^i---\i type 4 (mtitClostridiim 
histolyticm ^^talf:) ifim^i^bti^o ^fzs MMPi:UT(i. MMP24octt>*MMP9As 
^{f^tlSo MMPJi. aminophenylmercuric acetate (APMA) ^TStSibf i: 

A^T? 1 5 o * mm^-romifiw- < mm ltz y. ^ y^) > ^^tsnm^n-^Mm 
(a) jia.'^ms^^^tsmm^yuy'T—^fX'mmt^joms ih) mrn^. 

SXS^, (a) (b) (Dmi^tz\mmz.'noZ}i^^ts1jm\z^^noZtif^il 
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f 5Ci:*s-ft^o 5!!.a^SSM;iM37»C■r*^f^^^<fcl^o T-Dt^t— tfM^ 
^ ^ - ^ ^ -y- 5 ^ ^ - AS;|i6<]jfa^i9Blja t3 #A ^ n 

^^{Cs 'i7^;b;^^^<5'-{C:4^*:ii^tt©4<';:t>'l/ (««J^{i poloxamer 407?& 
if)^m^^t>-^^ ZtX\^^)i:i^i7^ -omnmxmt:±W^-\tn 5 (March 
et al., Human Gene Thrapy 6 : 41-53, 1995)o ZtllzX^ }VXy<^ 'i^—CD^ 

m^^xt^\.^ozn'bom\it.^'!7^-t-mizm^tz:it^x^tnt. 
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i^if^^b(3||1-5$g^*s$)* (Ochida, T. et al,, Nature Medicine 5, 707-710, 

m&t^)i^'E>^(Di^Wimm\t. mmt^)\^'E:>^^s^^xm^Ltzm^izit^Xs 

if!im^(D^mmmifiA<. m^it. 7Bi:k±X'^^o mn. ioBi:x±izB;hmm'b 
mmx^^tm^^tixi^^^ i^mw- 10-001440)0 ^otz^, mAo^^^WL. 

^^n^mmm^m mTh^i^m^}^) mm}^(oifkmmm\t\.xmmx% 
So nmt. ^mn\tLxm\<^^m^\z\t. ^m^x^^nwj^m.5L\m^x 

Xmm^tlX\>^?>^^, mx.it. UmmHiy (m^lt. O.l-ainm). :^^30minJ.:^ 

T m^it. 0.5~30Im)^»^b< lil4GOT®?il^tfT-^S4BIH^'5:iS^lt;3^^^^ 

T imt\t. 0.1~1.2inm). M.^ ifi20miij.r (m^it. 0.5~20iiimK ^^t^tt 

^ 7.X'mm^titzrtMM(Dnmt. m:Kmmmnkr imtit, o.um^imma 
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*^ © ^ ^ ^ iJ' W^acD ^ ^ - A^jfa't « # A ^ n § CD i;: 

^>?^7-©^#gtt, ^S. il#©M. f^gij. 

<lt, S-^f 5^^^-a{±*^10* pfu/ml*»^i^lO" pfu/ml©i£fflF«g'r&Si:J: 
l^o .^:!3$f*U<tt^ Jg#-rS'<^^®S(ii^lO^ pfu/inlA>?,ii!tjlO« pfu/ml®$g 

i/7x7— fe'SMOI=O.K 1> 10. 100. *5j;y^OI=lOO0S^4S SeV^-en-^tl^ 
ADtfe (#n=6)o 48I^P^^> ill|g=fe;i/i^7x^— ify^y-b^fC^ttfeo x-^li 
¥J^±S.D:^LTaU =&r^> hli.^SK2iS{C-.fcoT^ip^bLfc#>i7x;i/0 

0 2tt> S^MSeV (MOI=100) *fe(iia'^©a©SeV-NLS-lacZ (MOI=K 1043«t 
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Xi$}m^7r^t (^n=6)o Min'FmXOASmmmz, m&2%/l7*;UAy;Uxb 
(cliillJLTl^-So ^TJ^fS* : lOO^o 

^ - ^ mm^iiL/m\ ® SeV- ;i/ V 7 X ^ — If ^ 1" -5 ^ ^ ^ - ^ {i >f ;u 
m 4 (i^MOI=lO0SeV-;i/S/ 7 X 7 —If S fcli^^g^SeVtC J;5h7>;^7xi^>> 

3 >'^©BSMC0 1/ 7}^- ^ ~Jii£^©^3i0i^F^«c?^fi*i«i Jiin ^ ^-r^^y 5 7 1" 

S (#n=6)o ^le^#X^^D#llii^^^3^^^Tm^&Ie]lRb. ;i/>>7x^— b* 

me its nMMBi'mMommmM^^^tmx'^^c 

a, BSMC®^l!Sii5iMB{::ii{:^syyA$^^4<&^igbrv^-5o«fflliS^i»^®^gJt 
®SeV-;i/S/7x^— tf (MOI=0.K U 10) ^3»Sb^ 3i>7;i/x>h{::)5:Sitff 

^c:»®3/4^::o^.^T>'l/v7x^— tfT'^z-fe-r ^^Mbx m®@f)®l/4iiB"l9 " 

isg^-e^bfeo 
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b, ® BSMC *5(:^-5yyA®$^tt^^Ni^u-cv>^o mcomm &^>y 

Mti. n=6)o x-^(i¥±^±S.D.i:UTaUfco # H 

a. BSMCCDSeV^r:^' b fcitfe^ « At^ t -5 ^^f' -mmmmcDBm ^mt^'p 
7T-fe-5o BSMC^U 2. 5^ 10> 30> 60> 180^*fe{i24I^P^i5J;m8B#F^«:^'® 
^BtP^®P^. M0I=10®SeV-;i/iy7x^— Iftcm^U^ irffif'&^t^mtcSbT 2111 ii 
in i5t?l^tfc (^n=6)o 48«^. m«:;Ui^7x7— tfr';/-b^lC#^bfco 9- 

$r^t^^v7T-fe5o S-lOmmCt h:;*;t^?t0M*U 2> 5. 10. 30. 60^^)t(i3 

*3<fct;f6^F^^if©^^p^®r^. Moi=io®sev-;i/S/7x7— tftm^b. ifiP'&tg 

4IlIi5fe^U J^^riz-hfcJilNfc (^n=6)o 48^P^m. i^MS^l^i^ 
eM?iiS-r-^ip<btife^'i7x;K2)fi^,^1-o WISg^T^bfeo 

mmmmomm^^^t^^y-r^ib^o mc^u 2. 5. lo, so. eo. iso^^tii 

24I^F^*5J:Df48^F^*cif©^^P^©P^. MOI=10®AdexCA-lacZ (Ueno, H. etal., 

"Arterioscler TKroMb". Vase." Biol. 15: 2246-2253 (1995)) tC^SUs ffififetS 
mizmi^X2mm^Ltz (#n=6)o 48^F^^. mm^m^/3i}^^hiy^—\iT 
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la 9 ttx 150iiunHg®aAff T10^^©S®l*l^CDSeV-NLS-lacZ*:/^ t 
A (5xlOW izji^mm^iy^i-Jl^^-o/S-ii^^ hi^V'-ii^mMt?>ii 

hik^M(Dmi^md$.mm^tzit9t^mnm^m-^^^ i^n^ti. n=6)o 

a-c. ?iAff ISOmmHgr-SeV-NLSMacZtcm^ 
T-$.5o fifalKLfc. hifinmrnizmi^m (a) (b) 

-ofc (c)o Wfg^ : a ; 12f§. b ; 36{$. *D<tt>'c ; 8f^o 

®^JS(*IJSTO (d) i5J:U^v^< o*>0^|i© JfiiW®M1ii:j(a§JSHiNllllS (e) \t 

iaiOli> 150iiunHg®?±AffT-10^F^> >-^«1g^-a-fc0M©ifl^l*l^ 
SeV-NLS-lacZ (5xl0«pfu) ^^bfeitfii^aSA^fTV^ ^ h i-^— If® 

ti. n=6)o itfe^«A®2B^. i^Mfe2X/i^;^;UAT;i/7^h K+0.25%^;u^;i/ 

a* J;r>-b; l£Affl50inmHgT-SeV-NLS-lacZtmS t fc^^•;^->^i»#M®^S' 
fl<J^c||#:Sg^Sl^^mr♦^5o ^lgSS®«l^:^^';/ h<iSilf{3SI5feLx 
oTV>fc (a. M9ahJtii®c:i:)o ^\^m^. W^om\^Uifi9[-mz%^ixfzZ. 
ti?^. M'^(Dfm^(DmB^mXt^yr^m^titz (b : ^M)o : a ; Sfjg. 
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c-e. Biiixmiz^brc'hotm\:^mmomm^&i}m^-^sb^o ^^i:^^^TCD 

1/ KT':«3'>>^-!^fetfeo : c ; 200f^. d ; 60(^*5 J: ; 200<go 

01 lli^ 150iiuDHg©aAE-eiO^P^> >'VU->T-lim^-e-fci^M®ifi^l*)'^ 
SeV-NLS-lacZ (SxlO^pfu) ^lft-VtcM^^mX^m\ ^ ^ h if ® 

tls n=6)o 5afi^^A©2S^^ #M$2X>'"?^*;i/A7';U7^t K+0.25%y;i/^;i/ 

f43<^:^^"g. if^f*iiiA^5i§fsi*^nM0^M©«ai^^^6<jfiifi.o f-.mi o©c-e 

;^ h U K-r^-^V^-^feUfeo «!J»i^^ : f ; 60^:feJ:Dfg ; 200^o 

Ell 2it. tp^^mmmiznt^ in vivo MB'^mx^Tfst^mx^^o 5x 

lO^pfu ©SeV-NLS-lacZ$r h7>X7x^ h t^ 3lfe^#A©2B^©^i&M^iR 
DdiUTX-Gal^e^. «I>t&i^^L;fco 

. 0 1 3 li. 7 >j/ h jl^gPi&M^^ex vivo-b -(DM^^mX 

^fr^tmx$,^o ■ ■ - ■ - ■ 

^m^tzU ^^nT^^-5^i«®GFP/SeV^r^t^^ 100// 1 Hanks JStZlO^^ott 
2|l]i$fe^Lfco 24welI-r*10%FBS^i]DDMEMJgmC02'1' >^i^-^--r48^P^ 
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each)o X - ^ itmmik^m GFP/SeVA«# A ^^^TV^5C:i:;&^L■CV^5o 

;to 24well-C*10%FBSMDMEMJ^«bT*C02'f >^a'^-^-T-48^^J§l|Ufc®-^> 
n%mwm-^mmu l mm^ *fe»)®iHBJjg|K?&3!7«i7>h Ufeo (n=6 each) 
c) ^ Vm^Wim^(DTr'y' )]y:;^^^^-t(Dmx^^(Dit^^^sto ^ 
^y VmMm^m*)iz L.^$n;fe?i^®LacZ/SeVi5J;t>*LacZ/AdenovirusS 2^ 
m-oi-^tz'^. Zmm^Ltzo 24wellT-10X FBS«DMEMtg«l7?C02>r>=^a'^-^ 
-•??48B#P^tg#Lfe©*,. /?-galactosidase^fe^>:/ ^^ffl^^T^ lO^F^S^. 
3^F^^6Lx 1 mm" OCD«i$^*'>> h Lfeo (n=6 each) 

7^7— ^^^AHutS^S-F^HuMUfeo 7-D7"7'-4f^iJ0 Hanks solution Ji^ 
tblO^mtbX^^s IX 10* pfu/ml LacZ/SeV ^Dttl^o feHanks solution lz2 
^mmXLtz'^. i9t^, 48B#F^SIItfco /?-galactosidase O^fel^Ktt 3 
tbtzo COL{izi^>y±— tf^'i'r4. uPA{ie7DilF-:^— «f> tPAfiMi^^ 7*7 ;^ ^ 
J->fy7^=f-^-^-. EUix^;^^-4f. MMP9, MMP2tt. x' h U y ^'J^pt^ 

Dro5^T-^?$$)^fcbs APMA"e^torSt4^bSii«:^Ti^-5Ti^s<fo®;&<s^ffl 

L/feo (n=5 each) 

01 5(i^ rnxZ— t?BuMSlcj;Sexvivo7>;/ hJfllWit>lji^®42>yd' e7>f 
;i/;^^^^5'-^A&^r^*T-&5o 01 4T-*5<I*ofc^ 7 h IiaglSKiM'N® 

M> Jiv;^^^— fe\ •i;nJp:h- ^^^ tPA(±Jfil§|*IJ^iaeJ3S^::«AAS|5g^^n•r^^5 
©(::^tTs u^y:^— lf^^7-4. MMP9. MMP2As«lgll*M;t-r> *li®¥?t 

S5«*-e«A-^)ST•^-(:^^So pf'M^®«A*5RjtE(i'S:o;fe®^^{i, SEM^ . . 
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"untreated" : r P "elastase" : 7 ;^ ^ -4f 

"collagenase" : n^p^i—ii type4Mx "MMP9" : active-MMP9^!!lS> "uPA" : 
•i70dr-:J— "MMP2" : active-MMP2Mx "tPA" '.mmmr^Xl 

"tPA+lOW : tPA + 10%FBS«Q.So 

lai 6li^ roT^T— ifMtcj:^^';/ hJfilWt'!i^©invivo-lr>^^'l' •t;'r;i/ 

Htzo A, B, C. DAS^^;/ hJtgR:'cl&M^©NLS-LacZ/SeV^A^®^n-. E, FA^^ 
V SiijM-N® NLS-LacZ/SeV^ A^OtOM- 4 t5 b T V ^ -5 oMSP Ai&M® 

NLS-LacZ/SeV (lxlO» pfu/ml) 25//l&?iAts 2 ^F^m»S*S^ Lfeo 3 0 
^ALfcifil©*»Us /?-galactosidase^fe^'y hT'S^^ ^fetfeo 7 
«;/ hSIi&M©:!^^ iRl^tj^Sli&M^^AtSASs FT-tt4a^JS7jct?5t^^. u 
=y>fi--M^ ^ r 4 (final 500unit/iDl)i:NLS-LacZ/SeV (final 1 x 10» pfu/ml) 

mX\^tz!!m^mWL. yff-galactosidase^fe^';/ hta^x ^feUfco 

fcx |W|l$ig#0|ll|-C*.ffii[^®3te^^A*s^^^?,n^::o 

"Untreat" : rnT^T— If^feMSx "MMP9" : active-MMP9Mx "Plasmin" : 7*^ 
;^.^ >MSs "MMP2" : active-MMP2M^ "collagenase" : t? type4^ 
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So 

mi 7tt. roT^r— lf5!LS(3j;St h:^t^4i^M^©ex vivo •tyV-(^-( 

^i-j^tz t Vi^ik^mm^m^X. t-dxT— lfM(::«t 5«f^l^li^®ex vivo 4r 

LacZ/SeV( 1 x 10» pf u/ml Cti^r^7.^>t NLS-LacZ/SeV( 1 x 10" 
pfu/lDl)0l^[lt^S-^©^>t^$:^^LTV^-5oMMP2, r^7>^>xmm[yrzi>(DX. 

"Untreat" : -roT^T— ^f*M^ "MMP2" : active-MMP2M^ "Plasmin" : 

tl^i}(Dx^tf3:\,^, :^mmm±i^^m\:.xBm^titzxm i^mxfiik. ^ 
^mf^^mm^tiisbx) (Of^mnt^x. :^mmmizm^7i.i^ti^o ttTn 

i) ms^t^>t:hu^zm^m^^mx 

'^-Krnm-m'mm. (bsmo \mm^t\^fz ^^\z^ '^-xmrnmrnf ^ u 

fz (Yonemitsu, Y. et al., Lab. Invest. 75: 313-323, 1996; Yonemitsu, Y. et 
al., Biochem. Biophys. Res. Commun. 231: 447-451, 1997; Yonemitsu, Y. etal., 
Circ. Res. 82: 147-156, 1998)o ''y ^7^"^^ }\^7.^'7-V1^X \- =7^7.7 

"■(HEK293) mice (American Type Culture Center) A^tfeo Z.tiibOU 
J§a{i7"7y^^u/^iJ©milx>f •;/i'a.T*10%O$/fl&fi^M (FBS) !&^fiPbfc^;i/ 
^^:f^mL^-^)\^^it (DMEM) T*^#Lfco 6~8|li8lft UfcBSMC*|lil^cffll^ 
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± 

h-7>x7x^i/3 ^48^p^^{3s sHils* u >mmm^m^^m (pbs : 137 . 

mM NaCU 3 mM KCU 8 mM Na2HP0443<fct>*l mM m^POi. pH 7.2) -^Zm^^L. ix 
Cell Culture Lysis Reagent (Promega, Madison, MA) 200yulT*M tfeo IfflllS 
ml6Dni';/^> K;^7^i-:^t3^U^ 15,000 rpmT'jiiC^^lltUT^ 
m^m^btzo ;i/i^7x^— lzT<y■^r'1'^;:fel^■r(i^ ±^ 20/zl<&;Ui/7x7- 
-tf^^y-b-f (Promega) lOO/zHc^AD m^X')V^ ^ (Model 

LB9507, EG&G Berthold) ■rffi^^;i/i^7 x v-HfrSt4&«iJ^ D^co 

(Clontech Inc., Palo Alto, CA) 200//l{zMbs ^^V^T-;i/^ ^ ^— T'ffl 
^;i/i/7x^-HfrSt4^«iJ^Ufco 1^m<0W&nT^y\i-( (Bio-Rad 
Laboratories Ltd., Hertfordshire, UK) L/feBradford^{Zct oTSfii^ 

S^Sl]^L^ x-^$:RLU (relative light unit) /mgMfiM^ L/T^bfc (RLU; 

relative light unit, ffl^^i^#{4)o ^mmtzm\ik±wk^^\.mmL. f^mm 

iii) ^g^j^aacDX-GalMi^ib^ 

h7>X7x^'>3>*^?,48^F^^. iillg*PBST-2|l|?5fe^t> 2%;^;i/A7';Ux 
t h-T'10^F^@^bfco 0.1%Triton-X$^;t■r^PBS^;gLTW^&2|iI^5t#t^ 

X-Gal (0.2% 5-7'D^-4-^ P D-S-^f > h* ';VL'-;(?-D-:tf ^ ^ h U h\ 1 mmoT/r" " 

K4(CN)e. 3.3 nunol K3(CN)j^ 60 mmot/1 Na2HP04s *5ctU^40 mmol/l NaHzPO^) 
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22-82. 57.4) $:ft46feo -e® ? *>.2o{iBJ f,;i)^^d:#M2^iASM?>tXfcrc«^ 

1. ^$i670-h^: 

^fflV^feo #M;&PBST-4|lI?5t^t. ^^^■el05^FBS^WLfeDMEM•T?3li^5t^^bTJ^il 
m^m^i^tzo ::n^©M'&#^5'-l0iiun6Dm{;^0»rU S^^roiig^©^^^ 

2. ^iSl*I-v©5ie^^A : 

D3l£«*s^+^^C^C^:&^^J;^{3. 24Gtl-®^^^m®ii<C^ffl!|:&>^fiA 2-0 

-^^®^2ml<& 0 (#g^L :n=24). ISOmmHg (n=ll). 300miiHg (n=9). ^tc 
(i760inmHg (n=5) (DmmmE. (JfllEH-eSiJ^) 'C'gmmiZ^iXU io^m^>^ 
a-^—h tfeo lr'><oA>®t0>T't3OV\-C<±. 4 Fr Fogarty:i77^— T^^b (0 aunHg : 
n=7. 150:n=6. 300:n=9) ■r•|*)J^S:«■o{:^fco IIWJgll^48^F^ff ofc^tz. C 

v) \^hmm(Dx-G&mmit^ 

n-S:> 0.1%T^iton-X$^*■r^PBS(Igt■Ci5t?^L^ amigM«T*3^F^X-Gal^?« 
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vi) b hMcD;i/->7x-7— tfT'^z-b-f 
it^S?#AA>e)48B#^^(C. JfllW^Jt^PBS{;gtTi5t?tL. IxCell Culture 

Lysis mmm5ooui^x-it^^X'mti'<mmLtzo mmmmm^mz^ii^yx 

15,000 ^pm•e5^r^3S'C^^SI U^ ±rt®20/iUcoUT±iB©«t 7 ^-^ 

vii) Sitfj3J;y^j!gMiB8^b^ 

F«3JS[^ll§ffl{C(iCD34 (Dakopatts), bt JfilW¥rii5$fflllSf-{iHHF35 (Enzo Co. 
Faningdate, NY)o f^^^mm\:,mt. mmiifOtJtT\£i^>-\f:t^ym'^i^mzt>t 
*»K:aj?^*j!in^'rllStgUfe (Hsu, S. M. et al., J. Histochem. Cytochem. 29, 
577-580, 1981a)o mmzMmt^t. X-Gal^feU 7 >Qaufc-^V^^O 
fi^-t^izWi^y ^ >itLXii^^. JE'B'^ir^lSsLm (1:10) T'SO^F^MLT 
l^#Sfi*Ji^-^*7'D«>^ Lfco ^W•^4'C{r:^3l^T-lift^ -^Jnlit: {^tzim^n 

mtLx^mi"^^^ 7.igG) tmz-(>^j.^-hLrzo}k\>^x. zn^ow^i^ 

u^^^U ^i^ir^Xt'^pV-^^-^^T.WWlgmi^ (Histofine SAB-PO(M)^ 
y h ; Nichirei Co. Ltd., Tokyo, Japan) iiJtHSO^F^-r h Ltzo PBS 

^X-t^izm}^brzm.m>^^T}^i/>-\i7i-^yimnu:^\^^M^i^ir^-^ 
Ig^i* (Nichirei Co. Ltd.) tmz^ >^D.-<-h 0M% Hj^i^ iSim.lX 
i^T ^ V ^> i^"i^*>x > ^tHo^D^-r h* (Merck, Darmastadt, Germany) X 

viii) ^H-^tif 

^T®ffi{i^J^±1iipiiM (S.D.) i:brSUfcox-^{ix'>-;}^^>j/ h-- 
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(Mann-Whitney) (DU-^^iZ^^X^mL. p<0.05T-!li*ft{gl5ife^a Ufeo 

mmtSemimiZ$mLtzJ:dizmmLtz (Kato, a. etal., Genes Cells 1: 
569-579, 1996; Kato, A. et al., EMBO J. 16: 578-587, 1997; Yu, D. et al., 
Genes Cells 2: 457-466, 1997; Hasan, M. K. et al. , J. Gen. Virol. 78 : 2813-2820, 
1997; Sakai, Y. et al., FEES Lett. 456: 221-226, 1999)o tt. NotlSiJPS» 

m^iiL^^t^mv(D7.^—*)--mn (5'-(g)-cggccgcagatcttcacg-3' ) mm^ 
^: 3) mm&nw-m^^<D5' $mmmmtmm^ \'>t(DmizmxLtzo 

c ® J; a {z ^ D > ^ b SeV-if y A SJiTijSj >i7 © T > ^ y y A 

^4*®gBt0^lfU4^1f^ AgPii^fo^W-ri. (Kato, A. et al.. Genes Cells 1: 
569-579, 1996)„ Jli^y ::^^—^^zt-\>'t^±^cdUi^^ummmti^yi-)l 
(NLS) ^^t^:KmmUcZ^. NotIg|5{4*5J;TJt^^3^5^tfi^ffl®SeVE*J:t^•Si^^^ 

USSeVyy A<Z)±S{i. em^om (l^t>»9)"S reo^SiJj) (Kolakofski, D. et 
al., J. Virol. 72: 891-899, 1998) i^^fe^Sct o (3 Dto ^^31^^ ^^tf»M . 
SeV^yi^t 43J:tjfL-iiaK:£ii-K-r-5 7'7;^^ K i^tl^tl pGEM- 

N. pGEM-P. pGEM-L) t^^ rUJ^go*^;^->^4JilH^:*^c^g^^*:^M^•y■^ "7^ 

t/-T^^ )i:^vn-2t^izcy-mm^tz\tuMCK2mmizo h5>;^7:ii^ h l 

tz (Fuerst, t. R. et al., Proc. Natl. Acad. Sci. USA 83: 8122-8126, 1986)o 

mmiz&MLtzo mmf^x"hd-mmmbxr;^i^ 

.^^ ;u;^:^7<ffiS^to (Yonemitsu, Y. & Kaneda, Y., Hemaggulutinating virus of 
Japan- liposome-mediated gene delivery to vascular cells. Ed. by Baker AH. 
Molecular Biology of Vascular Diseases. Method in Molecular Medicine: Humana 
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Press: pp. 295-306, 1999). ^-(Jl^^^tsL ^"^mWi^^i^^momm^f?^ 
7.^^^- (SeV-NLS-lacZ) ^^tr*Ifietli: bv {s^ffl^^T-'^-l'^l/X^-SO'CH^S 
l>r?IM«#Lfco SeV-luc (Hasam, M. K. et al., J. Gen. Virol. 78: 2813- 

2820 (1997)) ^^mm^t}^)\^7.-<>?9-mmm^n'm:.\^x'^'^\.fzo 
i^^mm (HEK293). ^j:mmc(DMm.mmm(Dmm^m\'^x. ffl««c#fl<j:ftsev 

«c#tt3te? # A b tzo SeV-luc h^>7.7 :c^>>3>ifi e>48^^^ iz . 
COS7i5 J:t>'HEK293«(±*t{Cs 7 x ^-Hf ^JlCDifibn^^ b. 

^^#agAJ3 (M0I=3) cfc ?3;«C#V^;^3<iDi^C*^^^T7•^ h-{I^bfc (t^-^J'^BS), 

la 1 i^^-Tct 0 tc. Moi=ioo-r-*)iisa bi^i:)-fe (#n=6. ^n^ti. ^mmonm : 

46,990.5713,849.08 RLU/mg. »^MSeV:&M0I=100T-ffll^fc:MiW h v>;^7x^ 
i/3> :4.3±0.3 (xlO*) *a?J>fcll#(i (ELU) /mg. MOI=O.10SeV-;i/>'7 x^ 
-Hf :4.1±0.2 (xlO*) RLU/mg. M0I=1.0 : 4.510.6 (xlO") RLU/mg. M0I=10 : 
3.410.2 (xl0'»). :fcJ;t>"M0I=100 : 9.510.7 (xlO'") RLU/iiig)o d:\^^X\ 
W#e,^iSeV-NLS-lacZ&fflV^•r^i€^^A*;&Mbfe (#n=3. 02 )o X-Gal 

m.mitmzx'o. n^(Dmm(Dmmitmm^wmzmiMu Moi=ioof{i9o%w± 

AJt Mfllifg{; h7>;^7x^ hf -5*^ir9*>^feli^;toft^5'-lOmm00M*> 
ffi''^?"® W®SeV-;Ui^ 7 x"^ — if ?fe^t?^^57 ^ IB^F^An. t^ft^izm b 

T4|Hl?5fe?l^bfc'^v ifi<'{lifl^^^Jlfe-t"Jg«bfc (#n=6)o 48^F^^tc;i/i>'7 x 
7-HfrS«^«!l^U -e®7^-^?fell3t::^bfco BSMC®7^-^i:TO{;:. 
7x7— tfrStt0ffl«^S#6^^^JiinA5tto § »3 iimenfc (§n=6. ^tl^h. 
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^^m(DMm : 1.7±0.4 (xlO<) RLU/mg. 10^ pfu®SeV-;i/S>'7x7— tf : 1.2± 
0.2 {xW) RLU/ng^ iCpfu: 1.2±1.0 (xlO") RLU/mg. 10' pfu : 2.710.8 (x 
10») RLU/iiig))o 

[^SS«»J3] SeVtlck^ in vitro jge^^A^®^F^^5(?^6<]^j:3tfe?^JSU^ 

fc46(c. 2{i^H^#e>{i^>:v^T^ M0I=10®SeV-luc®M^®§i^i©^i^JC;fe{:ti) 
BSMCO;i/>>7x7— lrrSi4«:MUfe (^igji^;iSlC:fev^Tn=6)„ 13 41:1^1- J: 

^;KiB$r^^#6^{3^^69{zJgi!jPLfc (^{LX :4.6±0.4 (xlQ^) RLU/mg. jlfc^ 
^A©1B#^^ : 2.3±0.3 (xlO") RLU/mg. 6B#P^^ : 1.9±0.3 (xlO^) RLU/mg. 
m^^rl.gtO.l ( X 10") RLU/mg. 43 J; 11^24^^^ : 2. 9 ±0.5 (xlO'") RLO/iiig)o 

0^ : 2.1±0.2 (xlO") m/mgiiJ^mB'^ : 3.7±0.2 (xlO") RLU/iDg)o U-o 

^'u BSMc^z?^■r S'^^^-ostt^Mtfco lastc^^btji-sti. bsmccji 

mit M0I=100 *T•^::i^^^t:B^^^SeV©^^{zJ:»3PI§^n5:Ii:^i«:**of::o 
MOI=l,000 ©8Bg{I:feV^T{i. m^t^tummmmil^m^ib^tirz (p<0.01)o 

^^So UAvtx (defevtive interfering; DI) i^m^^t I^^tz 

mm^tl^Z.ti^$>^d^ (Calain, P. etal., Virology 212: 163-73, 1995)o 
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mWiZ. 7Sm^y^7.nfpX'n$SLmzmm^(DmCi.z, SeV-lucO0I=0.U 1*J 

^moxmpk^-\ttzo^mmm}^i:.^\>^x. mm(Di/4iz-o\,^x)w>y ji^—ifT 

^if-^^^mMLs ^D®l/4^M{^U-tJg#Ufco ^0l^ms BSMCT*{i. smMo 
dose (mm) {34^V^T^ 37B B tT-i^VM/^;i/®;uS/'7 x^-- If ®^3iAS}#^t> 

^(D^M<Dmmmm^mmLtzo mm^::3>yj\^^>vtji immLtz) ^mx2 

B^J: DSV^I^^^gUs m^mm^i^±^'&. FACScantZJ: f3BSMC©95%<i: t) ^ 
<*SGl/GOKB{^^SJ;dHbfc (7^-^#lilS)o #±^®BSMC(3M0I=0.U 1.0. 10 

(Dtimx'Sev-iuc^ immmuL. =&/gjii^F^^c^3l^T^ mi^(D)w>y3i7—\fT 

^y-k-f^n-^tz (n=6> 0 6b)o ^3l5^i€^©^]S(i 2 BeAS«sbi^< (1.110.4 
X 10" RLU/mg). BWi0mj^tmz'^.^iZi&rU 14BST-{is ;ue^7x^-Hf 
rSf4{i«ISfiStw:feofe (2.110.8x10'° RLU/iiig)o ^(D^;i/i^7 tf Mttii 

^ii-vrzmBi'^mit]tm^M\y^)\^x'ptii<t'bim^ii}.±nmt^^t-tfim 
m^ntzo 

ftB^S^ ^ ^ - ^SS^ # * ttn«^ * V ^ C i: -C 5 S t)n -S oSeV^:/M/ 
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^cofc^ 2 SF^lg# Lfeo FACScan{3 J; D , BSMCW©95%ct D ^ < ASGl/GO^f 
fe5c:^«:?iil^>Ufc (x-^€B&)p SeV-luc (M0I=10) S^&'t'x^KlMU 1> 
2. 5. 10. 30. 60. 180^. 2443ctt>'48^P^^t3^Jfe$:l^* t. ifP'5:tgil!lT-2|pI 
«5fc^L. 10%FBS^^j!H]LfcDMEM2ml$:#'i7x;i/{ZAnfco h7>>^7x^S/3> 

X'$)^rc (^n^n. n=6)o 

;feffl^^T SeV-NLS-lacZ ^#Abfcll^'??*)|5|;g6T-^ofco EITb^lZ^^tiSJ: 
J'>LH^^^3l8^^tlTl^€)c^:9t (Guzman, R. J. etal., Circulation 88: 2838-2848, 

1993K MB^mx^mt^^^-t<D^>^zL^-iy3:^f^mizm^Lx\^^rz 

[mmmi] \ihi^iimmizMt^MBi^mx^m 

b hM'^^zii\,^xsemi^{.xmBl'ifimx^tl^lEmtiimmm^m^^tz^!bs 

^X^^^t. 2) i^ROM1§^X^t^Ztifi^mX$i?>Zt. ^LT. 3) 
m^t?>mmizj:ZfBm^MMX'^^ztx^i>o c^l?)®iftlWi&fflv^5c:^:© 
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NLS-lacZ (5xlOVu) 2iBl^3~4cmHt!J»f tfe»M(*I{-0. ISOminHg. SOOmrnHg^ 
$;tli760iiiiDHg (#n=6) 0riAi±T'lO^P^?±A bfeo ttz. 7n-;u->*7^-5^;1/ 
{3J:oT«m^-B-feJfillf?fefflt^Tx m\:.JEt!X'^!7^-^m^&XLrz (n=6)o 
?ifB^®lftlif{;{iS5fe^SeV5&r±Abfe (n=6)o jte^©^3i(i«fe?#A®48^P^ 

A^JSc^feHJ^UMLfe (^l)o 760 mmHgO^AE Si: s 5o©^ 
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^^SeVUmSLfcifii^tctt. W^^;^>^?«y KiEto^ti;fe**ofc (09c)o lli^^ 
fl^^clSi^^wit)^ ^tie)®W®{Ji:A/if(iWI^affi*5«tUfiflim®Mm (vasa 
vaora) ©EC. mxfiz9\^m(Dnmmmm'C$>iZtifi^s:^tltz (0 9d*5J;Ufe)o 

AS (^1 oa). ^miz-oh^xit. Mmomm^^isb. ^mm(DstiLmtmm<Dm& 
miitit^izw^^Lxi^^tzifi mi oc. ^m. mi^^m^p^m^^t^nsL'^r'it. 

t!c^5E•rS€S^@®EC?fe|^^^T^ r < /J>|5(ti^^nfe;e{:fr-*ofe (01 Odi5<J:tr 

lia©ilJ^;&^sbfc(*2)o^ili^•a■Tv^^d;^^#M^3^■r5Sev*^bfc3tfi^« 

bt-fe^fcAs^ aH^-a-fci^MtJix 300 minHg(Z43l>Tif^F«3lli-C©3a€^^«llA 

miK*s^^JiiiDLfco -entiling, m^p^m^mm^-^tzm-^. 300 nmHgtc^s 

v^-r. ffM^^M©i^;^t:X-galiitt«©B^^>A^frfiiinAs^tts^nfco zhit. 
01 lf*J:Wc^Ufciai^^6^7^-^^SW:^-tv^5o gi«^S(:^fcsJ:i|sKci5 
VAT*. «f^l^Ji^©ilfe^«A^^{iWHui:LTia<> «r*[*lM^^©^^^ 
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MB^J^^UM^ 2.5-3.5 \ig^m^\ pentoh&ThitfiljimTizm^^iE^W^ 
oiZ, m^m(D-\i>y^ )V7,^i7^- (SeV-NLS-lacZ; 5xl0'pfu) (®^*^ 

500//1) ;&?^Au mu-^m^Ltzo 

H^^S (2%/i^^;PAT;u7^t H+o,25%y;i/^-;i/T;i/5^t h*)T*io^P^@^ 
i:As^^nfc (lai 2)o 

■V-^lzm^^m-^. B*Sfea^j6& pentobarbital +ketaiiiin-e^ffiib, ^gptc 

T-*i^5ccaAx Mmm^-^^mzmi^^mto tiy'-y'ji^omx^^mmw 
i)d-'^(D^xmzMs.i\-^mmt^o Ms.9it(Dmm^:i.~:^iz-oi-^rzE.:^m 
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[mmmd] hmMm^oex vivo ■\z>v^r^^)V7.^^^-<D^x 

^^Tex vivo-em^ifco ^>{7.^-^-j Y (^-\'-;i/XUM-) 9-1251^ m ^ 

Hanks solution (GIBCOBRL) {CJ:oT^ Jla^$ri5t^Us 
Wik\z.\^t^o inin©*S^(Zifiiif^iiWrbfco Hanks solutionfi^r^^x GFP 

^mMt?> GFP/SeV^feL<tt SeV-NLS-lacZ UfcHanks 
solutiontzoJtfco lO^^s 2 0 Hanks solutiont??5fc^blO% FBS (GIBCO BRL) 
&^^;«DMEM (GIBCO BRL) T- 5% COz^ >*a^-^-T-^# bfeo -B^^ |il 
i^m^^WkU ^?)^3 1B^^ /5 -gal staining kit (Invitrogen) izJi^XM^. 

m^vTzo ^^mmsmmtLtzo «^**e7>hL. ^^^^^ m^^w)^ 

}I*S^!Jit©:l'&^ iff-gal staining kitT^fe^> OCT compound (Tissue-Tek) 

>y K (in^M^ 142-04331) T-m^fetfco >''?7 7 >t!JM-®Ji^. /5-gal 
staining kitf^fem> 10% U >-e^@^tfco x^y-«2lCv 

c^^^-©iife^^A^^As±#L (01 3a) ^(Drnmrnmitz^fs-cr^ h 

-H^Ufe (01 3b)o Txy •i7^';^;^^^^-^:01ti^{3*5^^T^^^ ^ 

[ll»J10] 7-D7^T-HfMtcJ;?>^^^^0±#i;jfliif4'l«'N®#A 
f-'5c:ht3j;^-Cs ^^^-^A®Mh?&:§«^v h i;^;^ (ECM) ^^«?u 
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^mxi^mm^ix s c: i: «t ») > mMM'^tmmm-ii ^ nmm^m^^^^m ^ nr i ^ s 
^^^tfituc^j^Lfco ^ vm^mmtinmrn^ tnm\z^.m. wm\^. Hanks 

solution ^1) t < {i^ 10% FBS (GIBCO BRL) »Hanks solutiontZtiT® roT^r 
-^•^tSa^X^^lX. 5^^>r >^a^-i^3>&ff o;feo Zi'yfft-M type 4 
(ICN) 500 unit/mU -i? □ ^r:^— tf (=i;^^ >'W ^) 500 imit/mK tPA (calbiochem) 
500 unit/mK 3:^;^^— if (d;^^;^;^-) 500 unit/mU y'pT.Ky (uT.'E 
50x/g/ml, active-MMP2 {UT.'^n^f^) lOOng/mK active-MMP9 
lOOng/mlo MShuIi^ ^^«*s37"CH«:S J:dH37'CT-10^P^lgi«)Ti3 
V^feo 2 111 Hanks solution •C•^5fe?^^^ Hanks solution T-GFP/SeV L < li 
SeV-NLS-IacZ $:/T^^nfciiSil^;{p LfcMlCo{:^fco 2^^> 2 0 Hanks 
solution-ei5t?^tl0% FBS (GIBCO BRL) =£^^^DMEM (GIBCO BRL) T'5% CO^^ > 

stainingkit (Invitrogen) {CctoTS^, ^febfco ^fe^F^(± 3 ^F^i: Ufco 

01 4T•^tJ:^^I^ lf> ^u^i-—^, tPA, MMP9> MMP2. x^;^ 

^— i:%{Clxl0^pfu/inl©iiJtt^^^-frfcJi-^, ^6D^^^W2~.5^ 

u^y±-M. MMP9. MMP2T"m*li®¥rtl5«*T-«AASprtg{C3^^oTU-S - 
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in vivo t3*5»tsrD7^r— hm^:^zmmtmmm-^ 

(D^^^-mXiZ^-oX^mLtz (E16)o t>biZexvivoXmm(D$)':>tz^^ 
^±-^z^^yA. MMP9s MMP2^. tPA + 10% FBS®f^t) t> ;^ ^ > 

*ffi^^■r. MM^fT-:^;^ (Ell 6A, B, c, D)o mmmx\t. m^momm^-^ 

#MUT^ »Hu{;M^t> ^4-rS^i:<^ia^5J^fc (01 6E, F)„ 
^ MKa5;^»M^®in vivo -feV^-r •i7^;i/;^^^^-3ie?ziAT*{is ^ 

yi/a.^)ym^m^ (TERMO) T\ lfaifl*It325/zl(D7'DxT— tf A Lfco r 

±lfllU«:*se,, 37°C> 5^P^-f >:^i^-S^3>Ufco 50yul©^a:tiS7kt3j;^ 
T> [n|l;<, ^'>i/i';>ffla*rtf{3T?5t#bfco 25//1 SeV-NLS-lacZ (IxlO" 

pfu/mi) *jfiiwi*i(caAtfco mwxn^xtjit^h. i^m-i h ui^o 

5>y h^tljM^®in vivo tyV^^^jlT.^-^'^'—mB^^^XX'it. ^ >y h 

mmmm. m^mmm^mmiy. ^m^t^xmm. mmvtzo^mmm^icmm 

m^^^nvxmmLr^Mnt^x'Amvtzo iJi^mmj: t3 24Gai7x^- 

^7j<T'^5t#l>fco SeV-NLS-lacZ (lxlO» pfu/ml) lO^al^aAbfco 2:^F^'f> 
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37•CT•10^5•F^igtor43$^ ^AI^{C?g^t> M^&V^nfco 5^F^^TO•^^^ 2 
HI Hanks solution (C J:oT?5fe?t bfeo JilTiiUM 9 i:|slfi|{3fTo;to 

y:^— if^>rr4> MMP9^ MMP2s r^X^VT-HuMtfe^^CDT-lis Jfil^ff'li'N© 

(final 500unit/iil) h SeV-NLS-lacZ (final 1x10" pfu/ml) ^^MJg^Ufc 
^&»t> /5-galactosidase^fi:^r^y ^■e@^^ ^febfeo *MS®*>®Tii^ 

[||»J 1 2 ] ru7'7-^m^\z^^\iY:K^:&^m^(0eTi vivo -b>^^' 

— b'MfCct5if^p«gli^cDex vivo -fe>^^ C'-T ;i/;^^^'^-iife^i[A$:aC 

if Ufco Hanks solution ~{3i;oT> Jfll^$:^5fe^tfeo Hanks solution lC±i3© 

37X;t?10^^liltoT:j3VAfco 2 0 Hanks solution?5fc?t^. Hanks solution T* 
SeV-NLS-lacZ ^5x 10» pfu/mUc^A^ Lfe?§rttco(tfeo 2:9'^^ 2 0 Hanks 
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solutionT'i5E#LxlO% FBS (GIBCO BRL) &^^^DMEM (GIBCO BRL) T-5% CO^^ > 
staining kit (Invitrogen) {CctoT@^^ ^febfco ^fe(^P^{i3^P^^ tfco 

fls^#A*s|s»b■rv^fe (iai7A)o MMP2, y^T. ^ >'vmmLrz'b(DX\ mm 
my(D§f^iHm^(Dmxifipimiztj^^tz (m i 7b, Oo ±ibii»J(d^ «;/ hr-is 

h±{k:&mmit. &mmT(Dmi)m<s mrnvx^^. ^^^^ hmmtimmi^ij^ 

sfn.mmM^(DMB^mxizisi^xir^M(D^^^-xit-{'^tsiMB'^mxm^ 
tmtnifi^m^k. [^tzMB^mmontzisbo i '^(Dmmt^mtime^^titzo 
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2. TIB (a) :is^xr (b) {3|3®®X^^. (a) (b) om^tzltmmx^n^ 
^JS 1 ^ 4 ©^^1'll*^^3|B«o;^^£o 

1 0. J^il^^NHls*SI^ilWl*Ii^ol^J^m^ m^omm (jflims^«iflit) ©F«3jSiNfl 
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SEQUENCE LISTING 

<110> DNAVEC Research Inc. 

<120> Paramyxovirus vectors for gene transduction into vascular 

<130> D3-106PCT 

<140> 
<141> 

<150> JP 2000-014136 
<151> 2000-01-19 

<160> 8 

<170> Patentin Ver. 2.0 

<210> 1 
<211> 10 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Sequence 

<400> 1 

ctttcaccct 10 
<210> 2 

<211> 15 • 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Sequence 

<400> 2 

tttttcttac tacgg 15 

<210> 3 
<211> 18 
<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence: Artificially 
Synthesized Sequence 

<400> 3 

cggccgcaga tcttcacg 

<210> 4 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Sequence 

<400> 4 

atgcatgccg gcagatga 

<210> 5 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 5 

gttgagtact gcaagagc 

<210> 6 

<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 6 

tttgccggca tgcatgtttc ccaaggggag agttttgcaa cc 

<210> 7 
<211> 18 
<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 7 

atgcatgccg gcagatga 18 

<210> 8 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 8 

tgggtgaatg agagaatcag c 
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DESCRIPTION 

USE OF PARAMYXOVIRUS VECTOR FOR GENE TRANSFER INTO BLOOD VESSEL 

5 Technical Field 

The present invention relates to a use of a Paramyxovirus vector 
for gene transfer into the blood vessel. 

Background Art 

10 Since the successful transfer of a recombinant gene into the 

vessel wall in vivo (NabelE.G. et al . , Science 244 : 1342-1344 (1989); 
Nabel E.G. et al.. Science 249:1285-1288 (1990)), gene therapy has 
gained huge expectations as a technology for the treatment of human 
vascular diseases, and thereby, numbers of vector systems have been 

15 developed and tested. Although the studies in animals were successful, 
there are several critical limitations on the vector systems including 
gene transfer efficiency, besides safety concerns. Thus, it is yet 
difficult to apply the results of those studies to clinical trials 
(DeYoung M.B. et al., Circ. Res. 82:306-313 (1998)). 

■20 For instance, in PTCA (percutaneous transluminal coronary 

angioplasty) , constriction is released by inflating a balloon at 
stenotic site. However, 30 to 40% of the balloon-treated vessels 
develop restenosis, which is a big clinical issue. The primary cause 
of restenosis is the growth of neointima and the reconstruction of 

25 the blood vessel. Neointima, invaded by macrophages and enlarged by 
atherosclerosis, is mainly composed of the vascular smooth muscle 
cells migrating from tunica media, and the extracellular matrix. For 
gene therapies to block restenosis or to treat arteriosclerosis, it 
is effective to transfer genes into the artery; however, using the 
"30 existing vectors or liposomes, the transfer efficiency is low. 
Macrophages and vascular smooth muscle cells are the targets of 
treatment. Macrophages are located in intima under basal lamina, and 
vascular smooth muscle cells are located in vascular tunica media. 
Barriers of vascular endothelial cells and basal lamina exist in the 

35 gene transfer into macrophages, and a barrier of elastic fibers in 
addition to the two exists in the gene transfer into smooth muscle 



wo 01/53491 



2 



cells. 

Recombinant adenovirus vector, one of the most widely used 
vectors for gene transfer into the blood vessel, is known for its 
relatively high transfection efficiency. However, several problems 
5 remain to be solved before application to patients. Although 
recombinant adenovirus vector is capable of transferring a foreign 
gene effectively into intact endothelial cells (ECs) and adventitia 
in animals (Rome J.J. et al. , Arterioscler . Thromb. 14 : 148-161 (1994) ; 
Steg P.G. et al.. Circulation 90:1648-1656 (1994)) and in humans as 

10 well (Rekhter M.D. et al., Circ. Res. 82:1243-1252 (1998)), the 
efficiency of adenovirus incorporation into the atherosclerotic region 
and medial layer is relatively low in rabbits (Feldman L.J. et al., 
J. Clin. Invest. 95:2662-2671 (1995)) and humans (Rekhter M.D. et 
al., Circ. Res. 82:1243-1252 (1998)). Thereby, the effectiveness of 

15 adenovirus is limited in gene therapies targeted at quiescent cells. 
In fact, administration of adenovirus from the interior of the blood 
vessel only leads to the restricted infection of endothelial cells, 
leaving macrophages and smooth muscle cells uninfected. Thus, it is 
yet difficult to infect a gene for treatment directly into the cells 

20 causing such diseases as atherosclerosis. More importantly, the gene 
transfer using adenovirus requires long exposure time to obtain maximal 
transfection efficiency (Feldman L.J. et al., J. Clin. Invest. 
95:2662-2671 (1995)). This is thought to be because intracellular 
incorporation of vector particles through Coxsackie-adenovirus 

25 receptor (CAR) requires long-term contact. For instance, in PTCA, 
coronary arterial blood flow can be blocked at most for several minutes . 
Thus, it is a big obstacle for the clinical application of adenovirus 
vector . 

To solve the above problems associated with use of adenovirus 
30 vector, several different approaches have been attempted. In the first 
method, the infectivity is improved by ablating'the endothelial cell 
using the balloon catheter. In the second method, the endothelial 
cell is first ablated with the balloon catheter, and then infection 
is performed while pressure is applied. In the last method, after 
35 ablation of endothelial cells with the balloon catheter, the tissue 
surface is digested with elastase. None of the methods, however. 
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achieve sufficient infectivity; moreover, each of infection and 
pressure application takes about 30 minutes or more to be completed 
(Guzman R.J. et al . , Circulation 88:2838-2848 (1993); Maillard L. 
et al.. Gene Ther. 5:1023-1030 (1998); Rekhter M.D. et al., Circ. 
5 Res, 82:1243-1252 (1998) ; Rome J.J. etal.. Hum. Gene Ther. 5:1249-1258 

(1994) ; Weeks B.S. et al.. Arch. Virol. 145:385-396 (2000)). 

A liposome coated with the envelope protein of Sendai virus (SeV, 
or hemagglutinating virus of Japan; HVJ) , so called HVJ-liposome is 
capable of transferring genes at relatively high efficiency. The 

10 present inventors already reported that in vivo injection of 
HVJ-liposome into rabbit carotid artery at 150 mmHg for 10 minutes 
resulted in transf ection in the medial smooth muscle cell at efficiency 
of 80% or more (Yonemitsu Y. et al.. Lab. Invest. 75:313-323 (1996)). 
Examination of the blood vessel by electron microscopy revealed that 

15 the vector particles penetrate to all over the medial layer, suggesting 
that the permeability of the blood vessel walls of middle-sized animals 
is relatively high. The present inventors applied the vector system 
to induce vascular disorders in vivo by overexpressing several genes 
including vascular endothelial cell growth factor (VEGF) and human 

20 cytomegarovirus immediate early gene (Yonemitsu Y. et al . , Lab. Invest. 
75:313-323 (1996); Yonemitsu Y. etal., Biochem. Biophys. Res. Commun. 
231 : 447-451 (1997) ) , and also to suppress angiogenic diseases in vivo 
using endothelial constitutive NO synthetase gene (Matsumoto T. et 
al., J. Vase. Surg. 27:135-144 (1998)) or wild-type p53 gene (Yonemitsu 

25 Y. et al,, Circ. Res. 82:147-156 (1998)). However, the results of 
preclinical tests and preliminary experiments using diseased human 
saphenous veins and coronary arteries done by the present inventors 
showed that the efficiency of gene transfer and expression level 
achievedby the vector system were insufficient as previously reported 

30 in adenovirus (Feldman L.J. et al., J. Clin. Invest. 95:2662-2671 

(1995) ) . Specifically, transfection using HVJ-liposome into 
neointima and media is restricted in the only a few layers from the 
surface even at 1 atmospheric pressure, which suggests that the 
permeability of vector particles is lost. These results obtained by 

35 using adenovirus or HVJ-liposome indicate that there exist biological 
barriers in diseased human vessel walls. Therefore, the development 
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of a new vector system that can overcome such problems has been desired. 

Disclosure of the Invention 

An object of the present invention is to provide a virus vector 
5 that is capable of transferring genes into the vascular cells with 
short exposure and furthermore expressing thus transferred genes 
therein constitutively, and its use. More specifically, the present 
invention provides a Paramyxovirus vector for gene transfer into the 
vascular cells and a method of gene transfer into the vascular cells 
10 using such vector. 

The present inventors utilized reverse genetics technology of 
Sendai virus (abbreviated to ^^SeV") , and succeeded in the development 
of a recombinant SeV vector for gene transfer (Kato A. et al.. Genes 
Cells 1:569-579 (1996); Kato A. et al., EMBO J. 16:578-587 (1997); 
15 Yu D. et al.. Genes Cells 2:457-466 (1997); Hasan M.K. et al., J. 
Gen. Virol. 78:2813-2820 (1997) ; SakaiY. etal., FEBSLett. 4 56:221-226 
(1999); WO 97/16538 and WO 97/16539). 

The present inventors characterized the gene transfer into the 
blood vessel using the recombinant SeV vector, and examined whether 
20 the vector could overcome the problems shared by the existing gene 
transfer vectors. Specifically, the present inventors carried out 
(1) the evaluation of the transfection activity for SeV in vitro^ 
including the transfection efficiency, gene expression efficiency, 
persistence of gene expression, and effect of vector exposure time, 
25 from clinical point of view; (2) the examination of the transfection 
ability of SeV into human blood vessel and the cell types to be 
transfected, using diseased human great saphenous vein obtained 
surgically from patients having varix in the lower limb. 

The results showed that recombinant SeV containing the firefly 
30 luciferase gene achieved constitutive gene expression in a dose 
dependent manner in both proliferating and quiescent cells, suggesting 
that the genome was stable over one month. In addition, it was revealed 
that nearly maximal level of gene expression was obtained by short 
exposure in both cultured cells and human vein. The result of ex vivo 
35 experiment using human diseased great saphenous vein and SeV encoding 
nuclear-targeted lacZ gene showed that the endothelial cells (EC) 
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in the lumen and vasa vasora (vessel wall nutrient vessel) and 
adventitial fibroblasts were transfected at high efficiency by both 
transfection into the lumen and simple floating method. 

Thus, the present inventors found that (1) short exposure of 
5 . solution containing the Paramyxovirus vector to the blood vessel was 
sufficient to perform gene transfer efficiently, and (2) both virus 
genome and the expression of foreign gene were stable for a long time 
and were, at least in vitro, relatively stable for one month or more 
in both proliferating cells and quiescent cells at least in vitro. 

10 These results obviously contrast with those obtained with adenovirus 
vector, which has been used as a promising standard in the field of 
gene transfer into the blood vessel. Adenovirus vector has been shown 
to have several advantages such as high expression level of transferred 
gene and high efficiency of gene transfer, both of which are independent 

15 of cell cycle. These features are shared by the Paramyxovirus vector. 
Taking the features of the Paramyxovirus vector into account, it is 
possible to establish gene therapies targeted at the blood vessel 
for individual clinical applications. 

When the infectivity of lacZ /Adenovirus vector and that of 

20 lacZ-SeV were compared with each other in gene transfer into in vitro 
organ culture using rat thoracic artery, lacZ-SeV achieved high 
infectivity in vascular endothelial cells at lower moi with short 
exposure (2 minutes) . Thus, it became clear that the Paramyxovirus 
vector of the present invention can overcome the temporal limitation 

25 that is one of the big problems for infection with adenovirus vector. 

The present inventors further found that digesting the 
extracellular matrix such as basal lamina and elastic fibers by treating 
with protease before administration of vector enabled transfection 
into media at high efficiency. Improved efficiency of transfection 

30 into vascular media by protease treatment was observed when protease 
and vector of the present invention were mixed and then administered 
simultaneously, as well as when the vector was administered after 
protease treatment. In particular, the finding that simultaneous 
administration of premixed protease and vector achieved transfection 

35 into the medial layer of blood vessel was unpredictable. Thus, the 
present inventors first demonstrated that it is possible to perform 
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protease treatment and vector infection simultaneously. Examination 
of the effect of pretreatment with various proteases on the inf ectivity 
of lacZ-SeV using rat thoracic artery that were organ cultured in 
vitro revealed that all the examined protease improved the inf ectivity 
5 of lacZ-SeV. In particular, pretreatment with collagenase, tPA, and 
MMP9 was markedly more effective than that with elastase, which has 
been shown to be effective in adenovirus vector infection . Examination 
of sections which were constructed to determine the regions containing 
cells infected by SeV vector revealed that pretreatment with 

10 collagenase, tPA, or MMP9 resulted in infection even into the smooth 
muscle cells of media beyond the vascular endothelial cells and basal 
lamina. In vivo gene transfer experiments using rat abdominal aorta 
revealed, as in vitro experiments, that pretreatment with collagenase, 
tPA, and MMP9 resulted in infection in media. In addition, the time 

15 required for performing a series of . protease treatment and infection 
could be shortened to 7 to 9 minutes or shorter (for instance no more 
than 5 minutes) . Thus, the vector of the present invention has enabled 
gene transfer into cells in media, which has been unreachable by 
conventional vectors, and thereby it solved not only temporal but 

20 also spatial limitations on gene transfer into blood vessels. 

It has been reported that inf ectivity of adenovirus vector was 
improved by ablation of endothelial cells using the balloon catheter 
and/or digestion with elastase before vector administration (Maillard 
L. et al.. Gene Ther. 5:1023-1030 (1998)). However, the infectivity 

25 was still low, especially in the smooth muscle cells. In contrast, 
the infectivity of the vector of the present invention is high, and 
the types of target cells are also expanded. Combining protease 
treatment with the Paramyxovirus vector of the invention which only 
requires short exposure to infect and, it is also possible to more 

30 efficiently transfer genes into macrophages and smooth muscle cells 
in the blood vessel. 

Thus, the present invention relates to a Paramyxovirus vector 
that is used for gene transfer into the blood vessel, and a method 
for transferring a gene using such vector. More specifically, the 

35 present invention relates to: 

(1) a method for . transferring a nucleic acid into a vascular cell. 
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saidmethod comprising a step of contacting a recombinant Paramyxovirus 
vector or a cell comprising said vector with said vascular cell; 
(2) a method for transferring a nucleic acid into a vascular cell, 
said method comprising performing the following steps (a) and (b) 
5 sequentially or simultaneously: 

(a) treating a tissue comprising a vascular cell with a protease, 

and 

(b) contacting a recombinant Paramyxovirus vector or a cell 
comprising said vector with said vascular cell; 

10 (3) the method according to (2), wherein said protease is selected 
from the group consisting of collagenase, urokinase, elastase, tissue 
plasminogen activator, plasmin, and matrix metalloproteinases ; 

(4) the method according to any one of (1) to (3), wherein said nucleic 
acid contained in the recombinant Paramyxovirus vector comprises a 

15 foreign gene; 

(5) the method according to any one of (1) to (4), wherein said vascular 
cell is selected from the group consisting of an endothelial cell 
in a vascular lumen, an endothelial cell in a vasa vasorum (vessel 
wall nutrient vessel) , a vascular smooth muscle cell in vascular media, 

20 and an adventitial cell; 

(6) the method according to any one of (1) to (5), wherein said 
Paramyxovirus is Sendai virus; 

(7) ■ a recombinant Paramyxovirus vector that transfers a nucleic acid 
into a vascular cell; 

25 (8) the vector according to (7) , wherein said Paramyxovirus is Sendai 
virus; 

(9) the vector according to (7) or (8), wherein said nucleic acid 
contained in the recombinant Paramyxovirus vector comprises a foreign 
gene; 

30 (10) the vector according to any one of (7) to (9) , wherein said vascular 
cell is selected from the group consisting of an endothelial cell 
in a vascular lumen, an endothelial cell in a vasa vasorum (vessel 
wall nutrient vessel) , a vascular smooth muscle cell in vascular media, 
and an adventitial cell; 

35 (11) a composition for gene transfer into a vascular cell, said 
composition comprising the recombinant Paramyxovirus vector according 
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to any one of (7) to (10); 

(12) a kit for gene transfer into a vascular cell^ said kit comprising 
the recombinant Paramyxovirus vector according to any one of (7) to 
(10) and a protease; and 
5 (13) the kit according to (12), wherein said protease is selected 
from the group consisting of collagenase, urokinase, elastase, tissue 
plasminogen activator, plasmin, and matrix metalloproteinases . 

Herein, a ^'Paramyxovirus vector" is defined as a vector (or 
carrier) that is derived from the Paramyxovirus and that is used for 

10 gene transfer to host cells. The Paramyxovirus vector of the present 
invention may be RNP or a virus particle having infectivity. Here, 
""inf ectivity" is defined as the ability of the Paramyxovirus vector 
to transfer, through its cell adhesion and membrane fusion abilities, 
a gene contained in the vector to cells to which the vector is adhered. 

15 In a preferred embodiment, the Paramyxovirus vector of the present 
invention carries a foreign gene in an expressible manner. The 
Paramyxovirus vector may have a replication ability, or may be a 
defective vector without the replication ability. Herein, 
""replication ability" is defined as the ability of virus vectors to 

20 replicate and produce infective virus particles in host cells infected 
with the virus vectors. 

Herein, a '"recombinant" Paramyxovirus vector is defined as that 
constructed by gene engineering or its amplified products. For 
instance, recombinant Paramyxovirus vectors can be generated by 

25 reconstitution of a recombinant Paramyxovirus cDNA. 

Herein, a Paramyxovirus is defined as a virus of the 
Paramyxoviridae family or a derivative thereof . The present invention 
can be applied to, for example. Paramyxoviruses such as Sendai virus, 
Newcastle disease virus. Mumps virus. Measles virus. Respiratory 

30 syncytial virus, rinderpest virus, distemper virus, simian 
parainfluenza virus (SV5) , type I, II, and III human parainfluenza 
virus of the Pa ramyxovi ridae . The virus of the present invention may 
be preferably a virus of the genus Paramyxovirus or a derivative thereof . 
Viruses of the genus Paramyxovirus to which the present invention 

35 is applicable include type I parainfluenza viruses including Sendai 
virus and human HA2, type II parainfluenza viruses including simian 
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SV5 and SV41 and human CA, type III parainfluenza viruses including 
bovine SF and human HAl , type IV parainfluenza viruses including subtype 
A and subtype B, Mumps virus, Newcastle disease virus, and many other 
viruses of the genus Paramyxovirus, Most preferably, the 
5 Paramyxovirus of the invention may be the Sendai virus. These viruses 
may be wild- type strains, mutant strains, laboratory-passaged strains, 
artificially constructed strains, or so on. Incomplete viruses such 
as the DI particle (Willenbrink W. and Neubert W. J., J. Virol., 1994, 
68, 8413-8417), synthesized oligonucleotides, and so on, may also 
10 be utilized as material for generating the virus vector of the present 
invention. 

Genes encoding proteins of a Paramyxovirus include NP, P, M, 
F, HN, and L genes. Here, the "'NP, P, M, F, HN, and L genes" represent 
those encoding the nucleocapsid protein, phosphoprotein, matrix 
15 protein, fusion protein, hemagglutinin-neuraminidase, and large 
protein, respectively. Genes of each virus of the subfamily 
Paramyxovirus are described generally as follows. In general, NP gene 
may also be indicated as ^'N gene". 





Paramyxovirus 


NP 


P/C/V 


M 


F 


HN 




L 


20 


Rublavirus 


NP 


P/V 


M 


F 


HN 


(SH) 


L 




Morbilli virus 


NP 


P/C/V 


M 


F 


H 




L 



For instance, the accession numbers in the nucleotide sequence 
database of each gene of the Sendai virus classified as a Respirovirus 
of Paramyxoviridae, areM29343, M30202, M30203, M30204, M51331, M55565, 

25 M69046, andX17218 forNPgene; M30202, M30203, M30204, M55565, M69046, 
X0 058 3, X17 007, and X17 008 for P gene; D114 4 6, K027 42, M30202, M30203, 
M30204, M69046, U31956, X00584, X53056 for M gene; D00152, D11446, 
D17334, D17335, M30202, M30203, M30204, M69046, X00152, and X02131 
for F gene; D26475, M12397, M30202, M30203, M30204, M69046, X00586, 

30 X02 8 08, X5 6131 for HN gene; and D00053, M30202, M30203, M30204, M6904 0, 
X00587, and X58886 for L gene. 

Here, a "'gene" is defined as a genetic substance, which includes 
nucleic acids such as RNA and DNA. Genes may have naturally derived 
or artificially designed sequences . An artificially designed protein, 

35 for instance, may be a fusion protein with another protein, a dominant 
negative protein, including a soluble form of a receptor or a 
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membrane -bound dominant negative receptor, a deletion form of a cell 
adhesion molecule, and a soluble form of a cell surface molecule. 
Herein, ^"DNA" includes single stranded DNA or a double stranded DNA. 

Herein, ^"vascular cells" are defined as cells composing the blood 
5 vessel, and include such cells as those in the endothelium (lumen) , 
media, adventitia, and vasa vasora. These cells include endothelial 
cells, smooth muscle cells, fibroblasts, etc. 

The present invention provides a use of a recombinant 
Paramyxovirus vector for gene transfer into the vascular cells. The 

10 present inventors have found that Sendai virus is capable of 
transferring genes into vascular cells with short exposure. In the 
experiments by the present inventors, significant gene expression 
was detected in vascular cells only 1 hr after the gene transfer, 
and the expression level increased logarithmically in a time dependent 

15 manner. Moreover, the vector of the present invention exhibited 
sufficient infectivity into vascular cells even with extremely short 
exposure (several minutes) . This brings great advantage in gene 
transfer into the arterial lumen at the regions of PTCA, for instance, 
because use of a recombinant Paramyxovirus can minimize the time in 

20 which blood flow is blocked. In vitro studies by Guzman et al. showed 
that adenovirus vector containing lacZ can be transfected into only 
25% of vascular smooth muscle cells (VSMC) with 5 min exposure, and 
80% even with 120 min exposure (Guzman R.J. et al.. Circulation 
88:2838-2848 (1993) ) . Similar results were representatively observed 

25 in the experiments by the present inventors using BSMC (Figure 8). 
It suggests that this practical problem in application for PTCA can 
be solved by using a recombinant Paramyxovirus in gene transfer targeted 
at the endothelial cells. 

In addition, the present inventors revealed that the genes 

30 transferred into vascular cells using a recombinant Sendai virus were 
persistently expressed at least over one month. This brings an 
advantage that continuous effect on treatment can be obtained when 
gene therapies targeted at vascular cells was performed using a 
recombinant Paramyxovirus vector. 

35 ^ Sendai virus vectors can be preferably utilized in clinical trials 

of human gene therapy in terms of safety as well. First, it is a major 
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obstacle in high efficient gene transfer that transfected DNA must 
be transported into the nucleus for the expression of a foreign gene. 
In the case of Sendai virus and such, however, expression of a foreign 
gene is driven by both cellular tubulin and its RNA polymerase (L 
5 protein) in the cytoplasm. This suggests that the Sendai virus does 
not interact with the genome of host cells , which avoids safety problems 
such as tumorigenesis . Second, the Sendai virus is known to be 
pathogenic in rodents causing pneumonia, but not in humans, which 
is supported by studies showing that the intranasal administration 

10 of the wild type Sendai virus does not do harm in nonhuman primates 
(Hurwitz J. L. et al.. Vaccine, 1997, 15, 533-540). These features 
suggest that Sendai virus vector can be utilized in human therapy, 
and further, support the notion that Sendai virus can be one of the 
promising alternatives in gene therapy to vascular wall. 

15 Thus, the finding that Paramyxovirus vector has various 

advantages in gene transfer into vascular cells may bring great advance 
in gene therapy, especially those targeted at vascular cells, where 
the finding was obtained by the present invention. Therefore, the 
present invention relates to a recombinant Paramyxovirus vector used 

20 for transferring nucleic acid into a vascular cell, and a method for 
transferring nucleic acid into a vascular cell using such vector. 
The present invention also provides a use of a recombinant Paramyxovirus 
vector for transferring nucleic acid into vascular cells. 

The recombinant Paramyxovirus vector of the present invention 

25 used for gene transfer into vascular cells is not limited to any special 
kind. For instance, vectors that have the replication ability and 
that are capable of autonomous propagation may be preferably utilized. 
In general, the genome of the wild type Paramyxovirus contains a short 
3' leader region followed by six genes encoding N (nucleocapsid) , 

30 P (phospho) , M (matrix) , F (fusion) , HN (hemagglutinin-neuraminidase) , 
and L (large) proteins, and has a short 5' trailer region on the other 
terminus . The vector of the present invention that is able to replicate 
autonomously can be obtained by designing a genome having a similar 
structure to that described above , In addition, a vector for expressing 

35 a foreign gene can be obtained by inserting the foreign gene to the 
genome of the above vector. The Paramyxovirus vector of the invention 
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may have an altered alignment of virus genes, compared with wild type 
virus. 

The Paramyxovirus vector of the invention may have deletion (s) 
of some of the genes that are contained in the wild type virus. For 
5 instance, in the case of the reconstitution of the Sendai virus vector, 
proteins encoded by NP, P/C, and L genes are thought to be required 
in trans, but the genes may not be a component of the virus vector. 
In one embodiment, an expression vector carrying genes encoding the 
proteins may be co-transf ected into host cells with another expression 

10 vector encoding the vector genome to reconstitute a virus vector. 
Alternatively, an expression vector encoding the virus genome is 
transfected into host cells carrying, genes encoding the proteins, 
and thus a virus vector can be reconstituted by using the proteins 
provided by the host cell. The amino acid sequence of these proteins 

15 may not be identical to those derived from the original virus as long 
as it has an equivalent or higher activity in nucleic acid transfer, 
and may be mutated or replaced with that of a homologous gene of another 
virus . 

Proteins encoded by M, F, and HN genes are thought to be essential 

20 for cell-to-cell propagation of a Paramyxovirus vector. However, 
these proteins are not required when the vector is prepared as RNP. 
If genes M, F, and HN are components of the genome contained in RNP, 
products of these genes are produced when introduced into host cells, 
and virus particles having infectivity are generated. RNP vectors 

25 that produce an infective virus include a virus genome RNA encoding 
N, P, M, F, HN, and L genes and RNP containing N, P, and L proteins. 
When such RNP is introduced into cells, virus genome is expressed 
and replicated through functions of the proteins, and thus infective 
virus vectors are amplified. 

30 RNP can be introduced into cells as a complex formed with 

lipof ectamine, polycationic liposome, and the like. Specifically, 
a variety of transfection reagents can be used, for instance, DOTMA 
(Boehringer) , Superfect (QIAGEN #301305), DOTAP, DOPE, DOSPER 
(Boehringer #1811169) . Chloroquine may be added to prevent 

35 degradation in the endosome (Calos M. P., Proc. Natl. Acad. Sci. USA, 
1983, 80, 3015) . In the case of replicative viruses, the produced 
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viruses can be amplified or passageid. by re-infecting into cultured 
cells, chicken eggs, or animals (e.g. mammalian such as mice). 

Contrastingly, the Paramyxovirus vector of the present invention 
may be those lacking the M, F, and/or HN genes. These vectors can 
5 be reconstituted by providing deleted gene products exogenously . Such 
vectors can still adhere to host cells and induce cell fusion as the 
wild type. However, daughter virus particles do not have the same 
infectivity as the original ones because the vector genome introduced 
into cells lacks one of the above genes. Therefore, these vectors 

10 can be useful as safe virus vectors that are capable of only a single 
gene transfer. For instance, genes deleted from the genome may be 
F and/or HN genes. Virus vectors can be reconstituted by 
co-transf ection of an expression plasmid encoding the genome of a 
recombinant Paramyxovirus lacking the F gene, an expression vector 

15 for the F protein, and that for NP, P/C, and L proteins into host 
cells (PCT/JP00/03194andPCT/JP00/03195) . Alternatively, host cells 
in which the F gene is integrated into the chromosome may be used. 
The amino acid sequence of these proteins provided exogenously may 
not be identical to those of the wild type and may be mutated or replaced 

20 by a homologous protein of another virus as long as they provide 
equivalent or higher gene transfer activity. 

The envelope protein of the Paramyxovirus vector of the invention 
may contain another protein than the envelope protein of the original 
vector genome. There is no limitation on such proteins. These may 

25 include envelope proteins of other viruses such as the G protein of 
the vesicular stomatitis virus (VSV-G) . Thus, the Paramyxovirus 
vector of the invention includes a pseudo type virus vector that has 
an envelope protein derived from a virus different from the original 
virus. F protein and/or HN protein originally contained in 

30 Paramyxovirus may be deleted. 

Incomplete virus such as DI particles (J. Virol. 68:8413-8417 
(1994)) or synthetic oligonucleotides may be used as a component of 
the vector of the present invention instead of complete Sendai virus 
genome . 

35 Also, the vector of the invention may contain, on the surface 

of its envelope, adhesion molecules , ligands, receptors, or fragments 
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of these targeted at particular cells • For example, a chimeric protein 
having a polypeptide derived from adhesion molecules, ligands, or 
receptors targeted at particular cells in its extracellular domain 
and a polypeptide derived from the virus envelope protein in its 
5 intracellular domain can be used as an envelope. It enables the 
production of a vector targeting a particular tissue. These proteins 
may be encoded by the virus genome itself, or supplied at the time 
of virus reconstitution through expression of genes other than virus 
genome (for example, another expression vector or host cell 

10 chromosome) . 

The virus genes contained in the vector of the present invention 
may be altered, for example, to reduce antigenicity or enhance RNA 
transcription efficiency or replication efficiency. Specifically, 
it is possible to alter at least one of the NP, P/C, and L genes, 

15 which are genes of replication factors, to enhance transcription or 
replication. It is also possible to alter the HN protein, a structural 
protein having hemagglutinin activity and neuraminidase activity, 
to enhance the virus stability in blood by weakening the former activity 
and to regulate infectivity by altering the latter activity. It is 

20 also possible to alter the F protein, which is implicated in membrane 
fusion, to regulate the fusion ability of membrane-fused liposomes. 
Furthermore, it is possible to generate a virus vector that is engineered 
to have weak antigenicity through analyzing the antigen presenting 
epitopes and such of possible antigenic molecules on the cell surface 

25 such as the F protein and HN protein. 

The virus vector of the present invention may contain a foreign 
gene in the genome RNA. A recombinant Paramyxovirus vector containing 
a foreign gene can be obtained by inserting the gene into the genome 
of the above-described Paramyxovirus vector. The foreign gene may 

30 be a gene encoding a protein to be expressed in target vascular cells 
but is not limited thereto. It may encode a natural protein, or an 
altered protein having a deletion, substitution, or insertion as long 
as the protein has a function equivalent to that of the natural protein. 
Alternatively, it may be an artificially designed protein such as 

35 a dominant negative mutant. Also, it may be a nucleic acid that does 
not encode a protein, such as antisense or ribozyme. 
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For instance, for the purpose of gene therapy and such, a gene 
used to treat a target disease may be inserted into the DNA encoding 
the genome of the virus vector (the virus vector DNA) ♦ In the case 
of inserting a foreign gene into Sendai virus vector DNA, a sequence 
5 comprising nucleotides of multiples of six is desirably inserted 
between the transcription end sequence (E) and the transcription start 
sequence (S) (Calain P. andRouxL. , J. Virol. , 1993, 67 (8) , 4 822-4 830) • 
A foreign gene can be inserted upstream and/or downstream of each 
of the virus genes (NP, P, M, F, HN, and L genes) . In order not to 

10 interfere with the expression of upstream and downstream genes, an 
E-I-S sequence (transcription end sequence-intervening 
sequence-transcription start sequence) or a portion of it may be 
suitably placed upstream or downstream of a foreign gene so that E-I-S 
sequence is located between each gene. 

15 Expression level of inserted foreign genes can be regulated by 

the type of transcription start sequence that is attached to the upstream 
of the genes ( PCT/ JPOO/06051 ) . It also can be regulatedby the position 
of insertion and the sequence surrounding the gene. In the Sendai 
virus, for instance, the closer to the 3' -terminus of the negative 

20 strand RNA of the virus genome (the closer to NP gene in the gene 
arrangement on the wild type virus genome) the insertion position 
is, the higher the expression level of the inserted gene will be. 
To achieve a high expression of a foreign gene, it is preferably inserted 
into the upstream region of the negative stranded genome such as the 

25 upstream of the NP gene (3' flanking sequence on the minus strand), 
or between NP and P genes. Conversely, the closer to the 5' -terminus 
of the negative strand RNA (the closer to L gene in the gene arrangement 
on the wild type virus genome) the insertion position is, the lower 
the expression level of the inserted gene will be. To reduce the 

30 expression of a foreign gene, it may be inserted into the most 5' 
position on the negative strand, that is, downstream of the L gene 
in the wild type virus genome (5' flanking region of the L gene on 
the negative strand) or upstream of the L gene (3' flanking region 
of L gene on the negative strand) (Japanese Patent Application No. 

35 2000-152726) . Thus, the insertion position of a foreign gene can be 
properly adjusted so as to obtain a desired expression level of the 
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gene or optimize the combination of the insert with the virus genes 
surrounding it. For instance, if the overexpression of a gene 
introduced by a high titer virus vector may cause toxicity, it is 
possible not only to control the virus titer, but also to reduce the 
5 expression level of individual vectors by designing the insertion 
position closer to the 5' -terminus of the negative strand, or replacing 
the transcription start sequence with one having lower efficiency 
so as to obtain an appropriate therapeutic effect. 

To help the easy insertion of a foreign gene, a cloning site 

10 may be designed at the position of insertion. For example, the cloning 
site may be the recognition sequence of restriction enzymes. The 
restriction sites in the virus vector DNA can be used to insert a 
foreign gene . The cloning site may be a multicloning site that contains 
recognition sequences for multiple restriction enzymes. The vector 

15 of the present invention may have other foreign genes at positions 
other than that used for above insertion. 

Construction of a recombinant Sendai virus vector having a foreign 
gene can be performed as follows, for example, according to the method 
described (Kato A. et al., EMBO J., 1997, 16, 578-587; Yu D. et al., 

20 Genes Cells, 1997, 2, 457-466) . 

First, a DNA sample containing a cDNA sequence encoding a desired 
foreign gene is prepared. It is preferable that the concentration 
of the sample is 25 or higher and that it can be detected as 

a single plasmid by electrophoresis. The following description is 

25 an example where a foreign gene is inserted into the NotI site of 
virus genome DNA. If the cDNA sequence contains a NotI site, the site 
is desirably removed in advance by altering the nucleotide sequence 
using site-directedmutagenesis and such while maintaining the encoded 
amino acid sequence. A desired DNA fragment is amplified by PCR from 

30 the DNA sample. In order to obtain a fragment having NotI sites at 
both ends and to add a single copy of the transcription end sequence 
(E) , intervening sequence (I), and transcription start sequence (S) 
of the Sendai virus (EIS sequence) to one end, a synthesized DNA primer 
pair, namely, a pair of a forward primer (sense strand) comprising 

35 a part of the desired gene, and a reverse primer (antisense) comprising 
a NotI recognition site, E, I, and S sequences, and part of the desired 
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gene, is prepared. 

For example, the forward synthetic DNA sequence contains two • 
or more nucleotides at the 5' -terminus to insure digestion with NotI 
(preferably 4 nucleotides not containing a sequence derived from the 
5 NotI recognition site, such as GCG and GCC; more preferably ACTT) . 
To the 3' -terminus of the sequence, the NotI recognition sequence 
GCGGCCGC is added. Furthermore, to the 3' -terminus, as a spacer, any 
9 nucleotides or those of 9 plus multiples of 6 are added. Furthermore, 
to the 3' -terminus, a sequence of approximately 25 nucleotides 

10 corresponding to the ORF of the desired cDNA starting from the initiation 
codon ATG is added. The 3' -terminus of the forward synthetic oligo 
DNA containing approximately 25 nucleotides of the desired cDNA is 
preferably selected so that the last nucleotide is G or C. 

The reverse synthetic DNA sequence contains two or more 

15 nucleotides at the 5' -terminus (preferably 4 nucleotides not 
containing a sequence derived from the NotI recognition site, such 
as GCG and GCC; more preferably ACTT). To the 3' -terminus of the 
sequence, the NotI recognition sequence GCGGCCGC is added. 
Furthermore, to the 3' -terminus, a spacer oligo DNA is added to adjust 

20 the length of the primer. The length of the oligo DNA is designed 
so that it is a multiple of 6 nucleotides including the NotI recognition 
sequence GCGGCCGC, the sequence complementary to the cDNA, and the 
EIS sequence derived from the Sendai virus genome as described below 
(so-called "'rule of six"; Kolakofski D. et al., J. Virol., 1998, 72, 

25 891-899; Calain P. and Roux L., J. Virol., 1993, 67, 4822-4830). 
Furthermore, to the 3' -terminus of the added sequence, complementary 
sequences to the S sequence of the Sendai virus, preferably 
5' -CTTTCACCCT-3' (SEQIDNO: 1) , to the I sequence, preferably 5' -AAG-3' , 
and to the E sequence, preferably 5' -TTTTTCTTACTACGG-3' (SEQ ID NO: 

30 2) are added. Finally, to the 3' -terminus, a sequence, which is 
selected so that the last nucleotide of the complementary sequence 
of the desired cDNA becomes G or C, is added, where the last nucleotide 
is approximately 25 nucleotides upstream from the termination codon. 
Thus, the 3'-teminus of the reverse synthetic oligo DNA is prepared. 

35 PGR can be performed by a common method using, for example ExTaq 

polymerase (TaKaRa) . Vent polymerase (NEB) may be used preferably. 
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and the amplified fragment is digested with Not I, and inserted into 
the Not I site of the plasmid vector pBluescript. The nucleotide 
sequence of the obtained PGR product is checked with an automated 
DNA sequencer, and a plasmid having the correct sequence is selected. 
5 The insert is excised from the plasmid by NotI digestion, and subcloned 
into the NotI site of the plasmid (for example, pSeVlS'^'b ( + ) (Yu, D. 
et al.. Genes to Gells 2: 457-466, 1997) or pSeV( + ) (Kato, A. et al*, 
EMBO J. 16: 578-587, 1997)) containing the genomic cDNA to obtain 
recombinant Sendai virus cDNA into which the foreign cDNA is inserted. 

10 Alternatively, the PGR products may be directly cloned into the NotI 
site of the latter plasmid to obtain recombinant Sendai virus cDNA. 

For example, recombinant Sendai virus genomic cDNA can be 
constructed according to the methods in the literature (Kato A. et 
al., EMBO J., 1997, 16, 578-598; Hasan M. K. et al., J. Gen. Virol., 

15 1997, 78, 2813-2820) . Specifically, a spacer sequence of 18 bp 
containing the NotI site ( 5' - (G) -GGGGGGGAGATGTTGAGG-3' ; SEQ ID NO: 
3) is inserted into an adjacent gene locus of a cloned Sendai virus 
genomic cDNA (pSeV ( + ) ) between the leader sequence and the 5' -terminus 
of a sequence encoding the N protein, and the plasmid pSeV18'**b ( + ) 

20 containing a self-cleavable ribozyme site derived from the antigenomic 
strand of the hepatitis delta virus is obtained (Hasan M. K. et al., 
J. General Virol., 1997, 78, 2813-2820) . A foreign gene fragment is 
inserted into the NotI site of pSeV18'*"b ( + ) to obtain a recombinant 
Sendai virus cDNA into which a desired foreign gene has been inserted. 

25 Thus constructed recombinant Paramyxovirus vector DNA is 

transcribed in vitro or in cells, and RNP is reconstituted in the 
presence of L, P, and NP proteins to generate a virus vector comprising 
the RNP. The present invention provides a method for producing the 
Paramyxovirus vector of the invention, the method comprising 

30 transcribing a DNA encoding the genome of the virus. It also provides 
a DNA for producing the Paramyxovirus vector of the invention, the 
DNA comprising the DNA encoding the genome of the virus. The present 
invention relates to use of DNA encoding the genome of the vector 
to produce the Paramyxovirus vector of the invention. Reconstitut ion 

35 of a virus from virus vector DNA can be performed according to the 
known methods (W097/16539; W097/16538; Durbin A. P. et al ., Virol . , 
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1997, 235, 323-332; Whelan S.. P. et al., Proc. Natl. Acad. Sci. USA, 
1995, 92, 8388-8392; SchnellM. J. etal., EMBOJ., 1994, 13, 4195-4203; 
Radecke F. et al., EMBO J., 1995, 14, 5773-5784; LawsonN. D. et al., 
Proc. Natl. Acad. Sci. USA, 1995, 92, 4477-4481; Garcin D. et al., 
5 EMBO J., 1995, 14, 6087-6094; Kato A. et al.. Genes Cells, 1996, 1, 
569-579; Baron M. D. and Barrett T . , J. Virol., 1997, 71, 1265-1271; 
Bridgen A. and Elliott R. M., Proc. Natl. Acad. Sci. USA, 1996, 93, 
15400-15404). These methods enable the reconstitution of 
Paramyxovirus vectors including the parainfluenza virus, vesicular 

10 stomatitis virus, rabies virus, measles virus, rinderpest virus, and 
Sendai virus vectors from DNA. If the F, HN, and/or M genes are deleted 
from the virus vector DNA, infective virus particles will not be formed . 
However, it is possible to generate infective virus particles by 
introducing these deleted genes and/or genes encoding an envelope 

15 protein from another virus into the host cells and expressing them. 

Methods for introducing vector DNA into cells may include (1) 
forming DNA precipitates that can be incorporated into desired cells, 
(2) making a positively charged complex comprising DNA, a complex 
that is suitable for incorporation by the desired cells and that has 

20 low cytotoxicity, and (3) instantaneously opening a pore large enough 
for DNA to pass through in the desired plasma membrane using an 
electrical pulse. 

.A variety of transfection reagents canbe used in (2) , forinstance, 
DOTMA (Boehringer) , Superfect (QIAGEN #301305), DOTAP, DOPE, and 

25 DOSPER (Boehringer #1811169). For (1), transfection using calcium 
phosphate can be used. In this method, DNA incorporated by cells is 
taken up into phagocytic vesicles, but it is known that a sufficient 
amount of DNA is also taken up into the nucleus (Graham F. L. and 
van Der Eb J., Virol., 1973, 52, 456; Wigler M. and Silverstein S., 

30 Cell, 1977, 11, 223) . Chen and Okayama studied the optimization of 
the transfer technology and reported (1) that maximal efficiency is 
obtained when cells and precipitates are incubated under 2 to 4% CO2 
at 35°C for 15 to 24 hr, (2) that circular DNA has higher activity 
than linear DNA, and (3) that the optimal precipitates are formed 

35 when the DNA concentration in the mixed solution is 20 to 30. ^ig/ml 
(ChenC. and Okayama H . , Mol. Cell. Biol., 1987, 7, 2745). The method 
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of (2) is suitable for transient transf ection . More classically, a 
transfection method in which DEAE-dextran (Sigma #D-9885 M* W. 5 x 
10^) is mixed with DNA at a desired concentration ratio is known. 
Because most complexes are degraded in the endosome, chloroquine may 
5 be added to enhance the transfection efficiency (Calos M. P., Proc. 
Natl. Acad. Sci. USA, 1983, 80, 3015). The method of (3), called 
electroporation, may be more broadly applied than the methods of (1) 
and (2) because it can be used for any kind of cells. The transfection 
efficiency can be maximized by optimizing the duration of pulse currents, 

10 the form of pulse, the strength of the electrical field (gap between 
electrodes, and voltage) , conductivity of buffer, DNA concentration, 
and cell density. 

Among the above three methods, the method of (2) is suitable 
for the present invention because it is easy to perform and enables 

15 the testing of a large number of samples using a large amount of cells. 
Preferably, transfection reagents such as the Superfect Transfection 
Reagent (QIAGEN, #301305) or the DOSPER Liposomal Transf ection Reagent 
(Boehringer Mannheim #1811169) are used. 

Specific procedures of the reconstitution from cDNA are as 

20 follows. 

LLC-MK2, a cell line derived from the monkey kidney, is cultured 
in a 24-well to 6-well plastic plate or in a 100-mm petri dish in 
minimum essential medium (MEM) containing 10% fetal calf serum (FCS) 
and an antibiotic (100 units/ml penicillin G and 100 ^ig/ml streptomycin) 

25 to be 70 to 80% confluent. Cells are then infected, for instance, 
at 2 pfu/cell with recombinant vaccinia virus vTF7-3 that expresses 
T7 polymerase, which has been inactivated by a 20-minute UV exposure 
in the presence of 1 )ag/ml psoralen (Fuerst T. R. et al., Proc. Natl. 
Acad. Sci. USA, 1986, 83, 8122-8126; Kato. A, et al.. Genes Cells, 

30 1996, 1, 569-579) . The amount of psoralen and the duration of UV 
exposure can be optimized. One hour after infection, cells are 
transfected by, for example, lipofection using Superfect (QIAGEN) 
with 2 to 60 |ag of, or more preferably 3 to 5 (xg of the above recombinant 
Sendai virus cDNA together with expression plasmids for virus proteins 

35 (24-0.5 i^g pGEM-N, 12-0.25 jxg pGEM-P, and 24-0.5 |ig pGEM~L, or more 
preferably 1 jug pGEM-N, 0 . 5 lag pGEM-P, and 1 jxg pGEM-L) (Kato. A. et 
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al.. Genes Cells, 1996, 1, 569-579) that function in trans and are 
required for producing a full length Sendai virus genome. The 
transf ected cells are cultured in serum free MEM containing, if desired, 
100 |ag/ml rifampicin (Sigma) and cytosine arabinoside (AraC) (Sigma) 
5 whose concentration is more preferably 40 |ag/ml, so that the drug 
concentration is adjusted to be optimal to minimize the cytotoxicity 
of the vaccinia virus and maximize the recovery of virus (Kato. A. 
et al.. Genes Cells, 1996, 1, 569-579). Cells are cultured for 48 
to 72 hr after transf ection, then collected and lysed through three 

10 cycles of f reeze-thawing. The cell lysates are transfected into 
LLC-MK2 cells, and after a 3- to 7-day culture, the culture medium 
is collected. To reconstitute a virus vector lacking a gene encoding 
an envelope protein that is incapable of replication, the vector may 
be transfected into LLC-MK2 cells expressing an envelope protein, 

15 or co-transf ected with expression pla'smid for the envelope protein. 
Alternatively, transfected cells can be overlaid and cultured on 
LLC-MK2 cells expressing envelope protein to propagate a deletion 
virus vector (PCT/ JPOO/03194 and PCT/ JPOO/03195) . Alternatively, the 
above cell lysates prepared by f reeze-thawing can be innoculated into 

20 the chorioallantoic membrane of an embryonated chicken egg of ten 
days to collect the allantoic solution after about three days. The 
virus titer of the culture medium or the allantoic solution can be 
determined by measuring hemagglutinin activity (HA) . The HA may be 
determined by "'endo-point dilution" (Kato. A. et al.. Genes Cells, 

25 1996, 1, 569-579; Yonemitsu Y. andKanedaY., Hemagglutinating virus 
of Japan-liposome-mediated gene delivery to vascular cells . , Molecular 
Biology of Vascular Diseases. Methods in Molecular Medicine, Ed. by 
Baker A. H.., Humana Press, 1999, 295-306) . To eliminate the possible 
contamination of vaccinia virus vTF7-3, the obtained allantoic sample 

30 may be diluted appropriately (10^ times for instance) and re-amplified 
in chicken eggs . Re-amplification may be repeated, for example, three 
times or more. The obtained virus stock can be stored at -80°C. The 
titer of recovered Sendai virus is usually between 10^ to 10^ pfu/ml, 
and that of contaminating vaccinia virus vTF7-3 is usually not more 

35 .than 10^ to 10^ pfu/ml. 

Host cells are not limited to any special types of cells as long 
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as the virus vector can be reconstituted in the cells. Host cells 
may include LLC-MK2 cells, CV.-l cells derived from the monkey kidney, 
cultured cell lines such as BHK cells derived from hamster kidney, 
and human-derived cells* To obtain a large quantity of the Sendai 
5 virus vector, embryonated chicken eggs may be infected with virus 
vectors obtained from the above host cells and the vectors can be 
amplified. The method of producing virus vectors using chicken eggs 
has been established (Advanced protocols in neuroscience study III, 
Molecular physiology in neuroscience., Ed. by Nakanishi et al., 

10 Kouseisha, Osaka, 1993, 153-172} . Specifically, for example, 
fertilized eggs are incubated for 9 to 12 days at 37 to 38 °C in an 
incubator to grow the embryos. Virus vectors are inoculated into the 
chorioallantoic cavity, and eggs are further incubated for several 
days to propagate the vectors. Conditions such as the duration of 

15 incubation may vary depending on the type of recombinant Sendai virus 
used. Then, the allantoic solution containing viruses is recovered. 
Sendai virus vector is separated and purified from the allantoic sample 
according to the standard method (Tashiro M., Protocols in virus 
experiments., Ed. by Nagai and Ishihama, MEDICAL VIEW, 1995, 68-73) . 

20 For instance, a Sendai virus vector lacking the F protein can 

be constructed and prepared as follows (PCT/ JPOO/03194 and 
PCT/JPOO/03195) . 

(1) Construction of Sendai virus genome cDNA lacking the F gene 

25 and an expression plasmid for F gene 

Full length Sendai virus (SeV) genomic cDNA, pSeV18^b(+) (Hasan 
M. K. et al., J. General Virol., 1997, 78, 2813-2820) (pSeV18''b ( + ) 
may be also called pSeV18"') , is digested with SphI and Kpnl, and the 
resulting fragment (14 673 bp) is recovered and cloned into pUC18 to 

30 obtain pUC18/KS. pUC18/KS is used for constructing a region lacking 
the F gene. Deletion of the F gene is performed by combination of 
PCR-ligation, and the ORF of the F gene (1698 bp, from ATG to TGA) 
is replaced with the sequence 5' -atgcatgccggcagatga (SEQ ID NO: 4) 
in the resulting F gene-deleted SeV genomic cDNA (pSeV18''/AF) . PGR 

35 products obtained using primers (forward: 5' -gttgagtactgcaagagc/SEQ 
ID NO: 5; reverse: 
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. 5' -tttgccggcatgcatgt.ttcccaaggggagagttttgcaacc/SEQ ID NO: 6) and 
* those with primers (forward: 5' -atgcatgccggcagatga/SEQ . ID NO: 7-; 
reverse: 5' -tgggtgaatgagagaatcagc/SEQ ID NO: 8) are digested with 
EcoT22l and cloned into the upstream and downstream of the F gene, 
5 respectively. The resulting plasmid is digested with Sad and Sail,, 
and the fragment containing the F gene deletion site (4931 bp) is 
recovered and cloned into pUC18 to obtain pUClB/dFSS. pUClB/dFSS is 
digested with Dralll, and the fragment recovered is replaced with 
the Drain fragment of pSeVlB"** that contains F gene, and ligated to 
10 obtain pSeV18''/AF. 

A foreign gene can be inserted into the Nsil or NgoMIV site in 
the F gene deletion site of pUC18/dFSS. For this purpose, a fragment 
containing a foreign gene may be amplified using Nsil-tailed primers 
or NgoMIV-tailed primers. 

15 

(2) Preparation of helper cells for inducible expression of SeV-F 
protein 

A Cre/loxP inducible expression plasmid for the Sendai virus 
F gene (SeV-F) is constructed as follows. SeV-F gene is amplified 

20 by PGR, and cloned into the unique Swal site of the pCALNdLw plasmid 
(Aral et al., J. Virol., 1998, 72, 1115-1121), which is designed for 
inducible expression of gene products through the function of Cre 
DNA recombinase, to obtain pCALNdLw/F. 

To recover infective virus particles from the F gene-deleted 

25 genome, a helper cell line expressing SeV-F protein is established. 
LLC-MK2 cells, derived from the Simian kidney and commonly used for 
SeV propagation, may be used. LLC-]yiK2 cells are cultured at 37 °C, 
5% CO2 in MEM containing 10% heat-inactivated and immobilized fetal 
bovine serum (FBS) , 50 U/ml of penicillin G sodium, and 50 ng/ml 

30 streptomycin. Because of the cytotoxicity of the SeV-F gene product, 
the gene is cloned into the pCALNdLw, where the expression of a cloned 
gene is inducible by Cre DNA recombinase. The above pCALNdLw/F is 
used for transfecting LLC-MK2 cells by the calcium phosphate method 
(mammalian transfection kit (Stratagene) ) according to the standard 

35 protocol. 

LLC-MK2 cells grown in 10-cm plates to be 40% confluent are 
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transfected with 10- pCALNdLw/F and incubated in 10 ml of MEM 
containing 10 % FBS at 37°C under 5% CO2 for 24 hr. Then, cells are 
dispersed, ' resuspended in 10 ml of culture medium, and plated onto 
five 10-cm dishes, where 5 ml of cell suspension is plated onto one 
5' dish, 2 ml onto two, and 0 . 2 ml onto two. Cells are cultured in 10 
ml of MEM containing 10% FBS plus 1200 ^g/ml G418 (GIBCO-BRL) for 
14 days with medium changed every two days, and stable transf ectants 
are selected. Cells grown in the medium that are resistant to G418 
are recovered using cloning rings. Cells of each clone are further 
10 cultured until they grow to be 100% confluent in a 10-cm dish. 

To induce F protein expression, cells are grown to be 100% confluent 
in 6 cm dishes, and infected with AxCANCre adenovirus at moi = 3 according 
to the method by Saito et al . (Saitoetal., Nucleic Acids Res . , 1995, 
23, 3816-3821; Aral T. et al., J. Virol., 1998, 72, 1115-1121). 

15 

(3) Reconstitution and propagation of the F gene-deleted SeV 

virus 

The pSeV18"^/AF into which a foreign gene has been inserted is 
transfected into LLC-MK2 cells as follows. Cells are plated at 5 x 

20 10^ cells/dish onto 100-mm petri dishes, cultured for 24 hr, and then 
infected at room temperature for 1 hr with the recombinant vaccinia 
virus that expresses T7 RNA polymerase and that has been treated with 
psoralen and long UV (365 nm) for 20 min (Fuerst T. R. et al., Proc. 
Natl. Acad. Sci . USA, 1986, 83, 8122-8126) (moi = 2) (moi = 2 to 3; 

25 preferably moi = 2 ) . UV exposure may be performed using UV Stratakinker 
2400 equipped with five 15-watt bulbs (catalogue number 400676 (100 
V), Stratagene, LaJolla, CA, USA), After cells are washed three times, 
plasmids pSeV18''/AF-GFP, pGEM/NP, pGEM/P, and pGEM/L (Kato A. etal.. 
Genes Cells, 1996, 1, 569-579) are resuspended with OptiMEM (GIBCO) 

30 at a ratio of 12 |Lig/dish, 4 |Lig/dish, 2 ^ig/dish, and 4 |^g/dish, 
respectively and mixed with SuperFect transf ection reagent (5 |j,l 
SuperFect (QIAGEN) for 1 |ag DNA) . The mixture is incubated for 10 
min at room temperature, then resuspended with 3 ml of OptiMEM with 
a final concentration of 3% FBS, and added to the cells. After a 3-hr 

35 culture in an incubator, cells are washed twice with serum free MEM, 
and further cultured in MEM containing 4 0 |Lig/ml of cytosine 
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p-D-arabinofuranoside (AraC, Sigma) and 7.5 |Lig/ml of trypsin (GIBCO) 
for 70 hr. Then,, cells are collected and resuspended in OptiMEM at 
lO'' cells/ml. Cells are frozen-thawed three times, then mixed with 
lipofection reagent DOSPER (Boehringer mannheim) (10^ cells per 25 
5 |al DOSPER) , incubated at room temperature for 15 min, and transfected 
into LLC-MK2/F7 cells (10^ cells/well in 12-well-plate) , which is one 
of the clones of F gene-expressing helper cells selected as described 
above. Cells are cultured in serum free MEM containing 40 ^ig/ml of 
AraC and 7 . 5 jxg/ml of trypsin, and the culture supernatant is collected, 

10 In preparing deletion virus vectors, two different virus vectors 

having deletion of a different envelope gene may be transfected into 
the same cell . In this case, each deleted envelope protein is supplied 
through expression from the other complex, and this mutual 
complementation permits the generation of infective virus particles, 

15 which can replicate and propagate. Thus, two or more of the virus 
vectors of the present invention may be simultaneously inoculated 
in a combination that complement each other, thereby producing a mixture 
of each envelope deletion virus vector at a low cost and in a large 
scale. Because these viruses lacking an envelope gene have a smaller 

20 genome, they can allow the insertion of a long foreign gene . In addition, 
it is difficult for these viruses, which are intrinsically 
non-infective, to keep the status of co-infection after being diluted 
outside cells, and thus they are sterilized and less harmful to the 
environment . 

25 If a vector is prepared using as the foreign gene a therapeutic 

gene for a specific disease, gene therapy can be done by administering 
this vector. The virus vector of the present invention enables the 
expression of a foreign gene that can help cure a disease, an endogenous 
gene that is lacking or insufficient in patients, and such. 

30 The virus vector of the present invention can be made as a 

composition together with a desired, pharmaceutically acceptable 
carrier. Herein, a ''pharmaceutically acceptable carrier" is defined 
as those materials that can be administered with a vector, but does 
not inhibit gene transfer by the vector. For instance, the virus vector 

35 may be appropriately diluted with saline, phosphate buffered saline 
(PBS) , and so on tomake a composition . If the virus vector is propagated 
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in chicken eggs, the composition may contain an allantoic solution. 
The allontoic solution can be appropreately diluted with saline, 
phosphate buffered saline (PBS), etc. Also, the composition may 
contain carriers such as deionized water or a 5% dextrose aqueous 
5 solution. It may further contain stabilizers, antibiotics, or the 
like. The- composition of the* present invention comprises a 
pharmaceutical composition . Thus , the present invention also relates 
to the use of the virus vector or the above composition as a 
pharmaceutical. 

10 The above-obtained recombinant Paramyxovirus vector, or a 

composition comprising said vector contacts with blood vessels to 
transfect a foreign gene harbored within the vector into vascular 
cells. Infectious Paramyxovirus vector is capable of transferring 
nucleic acid into cells with short exposure of the vector to blood 

15 vessels. Although there is no limitation on the vascular cells that 
are targeted by the gene transfer using Paramyxovirus vector, 
preferable examples of them include endothelial cells in the lumen, 
endothelial cells in vasa vasora (vessel wall nutrient vessel) , 
vascular smooth muscle cells in vascular media, and/or adventitial 

20 cells. 

Specifically, the vector of the invention may be used for 
therapies targeted at the vascular cells in the following disorders 
and injures: 

(1) restenosis after PTCA, 
25 (2) late occlusion after bypass surgery using autografted vein, 

(3) vasospasm, 

(4) transfer of genes encoding such as thrombolytic protein, or 
anticoagulant protein (e.g. tissue plasminogen activator, tissue 
factor pathway inhibitor (TFPI), etc.) for the treatment of thrombosis, 

30 (5) transfer of genes encoding angiogenic factors for the treatment 
of ischemic disease (e.g. ischemic arteriosclerosis, stenocardia, 
etc . ) . 

Foreign genes that are particularly useful in gene transfer 
targeted at vascular cells (e.g. in gene therapies) may include those 
35 encoding: 

(1) cell cycle inhibitor (e.g. p53, p21, pl6 and p27). 
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(2) inhibitor of cell proliferation signal (e.g. mutant H-Ras) , 

(3) secretory cell proliferation inhibitor (e.g. eNOS and CNP (C type 
sodium diuretic peptide) ) , 

(4) vascular smooth muscle relaxing factor (e.g. eNOS and CNP), 

5 (5) vascular smooth muscle relaxing ion channel (e.g. C-terminal 
deletion mutant of Kir 6.2 potassium ion channel), 

(6) thrombolytic protein (e.g. tissue plasminogen activator and 
urokinase) , 

(7) tissue factor pathway inhibitor (e.g. TFPI) , and 
10 (8) angiogenic factor (e.g. VEGF, FGFV and HGF) . 

For gene therapy, a composition containing the Paramyxovirus 
vector may be administered in vivo from the interior or exterior of 
the lumen into diseased vessels, and foreign genes are to be expressed 
in vascular cells. Alternatively, administration may be performed 

15 ex vivo. Jii vivo gene transfer may be performed by, for example, simple 
floating method into the vascular lumen, injection into the luminal 
space with positive pressure, or local administration such as drops 
into blood vessels. Alternatively, gene transfer may be performed 
by transferring a gene into the vascular lumen while blocking blood 

20 flow using the double balloon catheter, injecting forcefully using 
the infusion balloon catheter into the vascular smooth muscle layer, 
or pressing a vector to the vascular lumen using the hydrogel balloon 
catheter. 

The vector of the present invention can efficiently transfer 
25 genes into the medial layers when administered with protease. 
Preferable examples of proteases to be used include those which digest 
the extracellular matrix of the blood vessel (such as those in the 
endothelium and media) Such protease may include matrix 

metalloproteases (MMPs) , which include approximately 20 members 
30 identified in humans (Seiki M. APMIS 107:137-143 (1999)), 4 types 
of amphibian collagenase (Stolow M.A. et al., Mol. Biol. Cell 
7:1471-1483 (1996)), sea urchin hatching enzyme (Nomura K. et al,. 
Biochemistry 36(23) : 7225-7238 (1997) ) , and Clostridium histolyticum 
collagenase (Yoshida E. and Noda H. Biochim. Biophys . Acta 
35 105 (3) : 562-574 (1965)); elastase; plasmin; tissue plasminogen 
activator (tPA) ; urokinase; cathepsin (B, L, D, and G) ; trypsin; and 
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thrombin, but is not limited thereto. Among them, preferred proteases 
to be used in administration of the vector of the present invention 
are collagenase, urokinase, tPA, elastase, plasmin, and MMPs. More 
preferably, collagenase, plasmin, and MMPs may be used. Collagenase 
5 may be type 4 collagenase (e.g. Ciostridiujn histolyticujn collagenase) , 
and MMPs may be MMP2 or MMP9. MMPs may be activated by treatment with 
aminophenylmercuric acetate (APMA) . MMP2 or plasmin may be preferred 
for transferring vector from the interior of the blood vessel having 
enlarged intimal layers containing fibrin under basal lamina. A 
10 protease may be used alone or in combination with other proteases. 

Nucleic acid transfer into the vascular cells using protease 
and the vector of the invention may be performed by a method comprising 

(a) treating tissues containing vascular cells with a protease, and 

(b) contacting a recombinant Paramyxovirus vector or cells containing 
15 such vector with the vascular cells, in which the steps (a) and (b) 

are carried out sequentially or simultaneously. 

Treating with protease before administration of the vector into 
vascular cells may be preferred to achieve high efficiency of 
transf ection. However, in clinical application where the time for 

20 blocking blood flow is limited, protease and vector may be mixed and 
administered simultaneously. In the present invention, it was 
confirmed that the vector infectivity into the medial layer is 
significantly enhanced by simultaneous administration, which 
simplifies the procedures for administration. Time for protease 

25 treatment may be determined so as to increase the vector infectivity, 
and is not limited. For instance, protease may be applied for a desired 
time between about 5 to 20 min at the indicated concentrations specified 
in the following Examples. Since high concentrations of collagenase 
may potentially cause physiological thrombosis, collagenase may be 

30 preferably used at a concentration not more than 5000 unit/ml, for 
instance, at 500 unit/ml. However, the concentration of protease and 
the time for treatment can be selected appropriately. Protease 
treatment may be performed at Sl^'C. Time for infection using vector' 
after protease treatment may be chosen so as to ensure that the vector 

35 can be transfected into the target vascular cells, and is not limited. 
In clinical applications, it is desired to minimize the time for 



wo 01/53491 



infection so as to shorten the time in which blood- flow is blocked. 
Time for infection may be several minutes, for instance, and 
specifically, a desired time between about 1 to about 10 min. The 
vector of the invention is capable of obtaining significant infection 
5 with 1 min exposure or longer. For instance, in gene transfer into 
the coronary artery, the time for blocking blood flow is desirably 
not more than 5 min,. and, for instance, short period of time between 
about 1 to 5 min may be effectively used. In vivo gene transfer into 
the vascular lumen using protease treatment and vector administration 

10 may be performed by transferring a gene into the vascular lumen while 
blocking blood flow using the double balloon catheter, injecting 
forcefully using the infusion balloon catheter into the vascular smooth 
muscle layer, or pressing a vector to the vascular lumen using the 
hydrogel balloon catheter as described above. The infectivity may 

15 be improved by ablating the vascular endothelium before 
administration . 

The transfection efficiency of virus vector may be further 
increased by administrating virus vector together with biocompatible 
polyol (such as poloxamer 4 07) (March K.L. et al.. Human Gene Ther. 

20 6:41-53 (1995)) . Thereby, the dose of virus vector can be reduced, 
or the time for infection may be shortened. In the present invention, 
biocompatible polyol may be combined with the Paramyxovirus vector 
of the invention to make a composition. Other type of biocompatible 
polyol may also be used. These agents may be administered with vector 

25 simultaneously or separately. 

The vector of the present invention may be effectively 
administered in a form of matrix. In a known method, virus vector 
is suspended in atelocollagen matrix, and solidified to mini pellets 
by f reeze-drying. This method utilizes the gradual degradation of 

30 the matrix and is reported to enable persisting the effect of adenovirus 
vector and naked DNA, whose expression is known to be transient (Ochiya 
T. et al., Nature Medicine 5:707-710 (1999)). The virus vector of 
the present invention can be mixed with such auxiliaries, and stored 
by f reeze-drying . The vector may also be mixed with cationic lipid 

35 . to enhance the level of expression. 

It is known that a matrix so small as to be administered itself 
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is capable of releasing such as growth factor gradually through the 
18G needle over a long period. For instance^ preparation comprising 
such proteins as growth hormone has substantially longer duration 
in blood vessels than those administered alone. For instance, it may 
5 be 7 days or longer, but normally can be 10 days or longer (Unexamined 
Published Japanese Patent Application No. Hei 10-001440) . 
Accordingly, the numbers of administration and pain to the patients 
are markedly reduced. The preparation described above may be used 
as, for example, solid injection for subcutaneous and intramuscular 
10 administration (such as implants), or as mucoabsorbent such as 
suppository. The dosage form for injection may be column or granule 
that can be administered through a needle. Columnar form such as 
rectangular or cylindrical column, or spherical form may be used 
preferably. 

15 The size of a parenteral preparation of the present invention 

may be selected depending on the administration method, but not limited 
as long as it does not bring excessive pain to patients. Injections 
composed of columnar matrix may be, for example, not more than 3 mm 
in diameter (e.g. 0.1 to 3 mm), and not more than 30 mm in length 

20 (e.g. 0.5 to 30 mm), preferably as small as not more than 1.3 mm in 
diameter (e.g. 0 . 1 to 1 . 2 mm) and not more than 20 mm in length (e.g. 
0.5 to 20 mm), which facilities injection through a 14G-needle or 
smaller, and more preferably a cylindrical column of 0.1 to 1 mm in 
diameter and 1 to 20 mm in length. Injections composed of spherical 

25 matrix may be not more than 1 mm (e.g. 0.1 |am to 1 mm), preferably 
not more than 150 i^m (e.g. 0 . 5 to 100 jam) , and more preferably between 
1 to 100 )am, in the maximal diameter. The weight of matrix can be 
selected according to the form of preparation, for instance, not more 
than 40 mg, and preferably between 1 to 25 mg for injections. 

30 The virus vector of the invention may be administered at a 

sufficient dose so that an effective dose of vectors can be transferred 
to vascular cells. Herein, the ^'effective dose'' is defined as a dose 
that. enables the introduction of genes to the cells of the target 
tissue so as to bring, at least partially, the desired therapeutic 

35 effect or preventive effect of the present invention. The 
administration of an effective dose of the virus vector containing 
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a desired gene enables the trans fected cells to produce the gene product . 
Dose of the vector used for administration may vary depending on the 
disease, the body weight, age, sex, symptom, the purpose of 
administration, and the transfected gene, and so on, but it can be 
5 appropriately determined by those skilled in the art. The dose of 
the vector may be preferably within the range of approximately 10^ 
pfu/ml to 10^^ pfu/ml, and more preferably approximately lO"^ pfu/ml 
to 10^ pfu/ml, but most preferably, the vector is administered at 
approximately 1 x 10^ pfu/ml to 5 x 10^ pfu/ml with pharmaceutically 
10 acceptable carriers. 

The composition of the present invention containing the virus 
vector may be administered into subjects such as all mammalian animals 
including humans, monkeys, mice, rats, rabbits, sheep, cattle, and 
dogs . 

15 

Brief Description of the Drawings 

Figure 1 is a bar graph showing the dose-dependent transf ection 
efficiency of SeV-luc into BSMC. Cells were seeded in 6-well plates 
at 10^ cells/well, and SeV-luc at MOI=0.1, 1, 10, or 100, or wild-type 
20 SeV at MOI=100 (n=6 for each) was added. After 48 hr, cells were 
subjected to the lucif erase assay. Data are expressed as means ± S.D. 
Each dot represents the value from each well normalized by the protein 
concentration . 

Figure 2 shows phase contrast microscopy photographs of BSMC 
25 that had been exposed to wild-type SeV (MOI=100) or various doses 
of SeV-NLS-lacZ (M0I=1, 10, and 100) . The photographs show the 
dose-dependent transfection efficiency (n=6 for each) . Forty-eight 
hours after gene transfer, cells were fixed in 2% paraformaldehyde 
plus 0.25% glutaraldehyde for 10 min, and incubated in X-Gal solution 
30 at room temperature for 1 hr. The number of cells containing nuclei 
clearly stained blue increased in dose-dependent manner. Original 
magnification : lOOx . 

Figure 3 is a bar graph showing the dose-dependent transfection 
efficiency of SeV-luc into human saphenous vein. Human saphenous vein, 
35 5 to 10 mm in length, was washed extensively and immersed in vector 
solution containing SeV-luc at lO"^, 10^, or 10^ pfu (plaque forming 
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unit) /ml, or vector solution without virus. After 48 hr, the infected 
vein was subjected to the luciferase assay. Data are expressed as 
means ± S.D. Each dot represents the value from each well normalized 
by the protein concentration. 

Figure 4 is a bar graph showing the time-dependent increase in 
reporter gene expression in BSMC after transfection with SeV-luc or 
wild-type SeV (at MOI=10) (n=6 for each) . Cells were harvested at 
the indicated time points after transfection, and subjected to the 
luciferase assay. The expression level of the transf ected gene reached 
a plateau 2 or more days after transfection. Data are expressed as 
means ± S.D and shown in logarithmic scale. Each dot represents the 
value from each well normalized by the protein concentration. 

Figure 5 shows the effect of SeV infection on the proliferation 
activity of BSMC . After plated, cells were infected with various doses 
of recombinant wild-type SeV. The cell number was counted at the 
indicated time points. At MOI=1000, proliferation was significantly 
inhibited. 

Figure 6 shows the time course of the expression of a foreign 

gene . 

(a) shows the genomic stability in BSMC during the logarithmic 
phase. Cells were exposed to the various concentrations of SeV-luc 
(MOI=0.1, 1, andlO), and immediately before they reach 100% confluency, 
three quarters of the cells were subjected to the luciferase assay. 
The rest of the cells were subjected to passage culture. Each dot 
represents the value at the indicated time point, which was normalized 
by the protein concentration. The experiments were performed in 
triplicate, and the representative results were shown. Data are 
expressed in logarithmic scale. 

(b) shows the genomic stability in quiescent BSMC. The culture of 
BSMC was rendered to be confluent, and left for additional two days. 
Cells were exposed to SeV-luc (MOI = 10) for Ihr and subjected to the 
luciferase assay at the indicated time points (n=6 for each) . Data 
are expressed as means ± S.D and shown in logarithmic scale. Each 
dot represents the value from each well normalized by the protein 
concentration . 

Figure 7 is a graph showing the effect of vector exposure time 
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on SeV-mediated gene transfer. 

(a) is a graph showing the effect of vector exposure time on 
SeV-mediated gene transfer in BSMC. BSMCs were exposed to SeV-luc 
(MOI=10) for a different time: 1, 2, 5, 10, 30, 60, or 180 min, or 
5 24 or 4 8 hr and washed twice by immersing in fresh medium (n==6 for 
each) . After 48 hr, cells were subjected to the luciferase assay.- 
Data are expressed as means ± S.D and shown in logarithmic scale. Each 
dot represents the value from each well normalized by the protein 
concentration . 

10 (b) is a graph showing the effect of vector exposure time on 

SeV-mediated gene transfer in human saphenous vein. Human great 
saphenous vein, 5 to 10 mm in length, was exposed to SeV-luc (iyiOI=10) 
for 1, 2, 5, 10, 30, or 60 min, or 3 or 6 hr, washed four times by 
immersing in fresh medium, and then plated in culture plates (n=6 

15 for each) . After 48 hr, the infected vein was subjected to the 
luciferase assay. Data are expressed as means ± S.D, and shown in 
logarithmic scale. Each dot represents the value from each well 
normalized by the protein concentration. 

Figure 8 is a graph showing the effect of vector exposure time 

20 on recombinant adenovirus vector-mediated gene transfer into BSMC. 
BSMCs were exposed to AdexCA-lacZ (UenoH. etal., Arterioscler . Thromb. 
Vase. Biol. 15:2246-2253 (1995)) at MOI=10 for 1, 2, 5, 10, 30, 60, 
or 180 min or 24 or 48 hr and washed twice by immersing in fresh medium 
(n=6 for each) . After 48 hr, the infected cells were subjected to 

25 the luminescent p-galactosidase assay. The expression of the 
transfected gene clearly increased depending on the vector exposure 
time. Data are expressed as means ± S.D, and shown in logarithmic 
scale. Each dot represents the value from each well normalized by 
the protein concentration. 

30 Figure 9 shows stereomicrograph and light micrograph of human 

saphenous vein expressing p-galactosidase tagged with the nuclear 
localization signal, which was transfected by exposing SeV-NLS-lacZ 
( 5x 10^ pf u) to the lumen of human saphenous vein for 10 min with in j ection 
pressure at 150 ramHg (n=6 for each) . After 2 days, the infected vein 

35 was fixed in 2% paraformaldehyde plus 0.25% glutaraldehyde for 10 
min, and incubated in X-Gal solution at room temperature for 3 hr. 
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(a) to (c) show typical stereomicroscopic observations of the 
vein exposed to SeV-NLS-lacZ with injection pressure at 150 miriHg^ 
Blue spots intensely stained were found at high frequency distributed 
on the luminal surface (a) and in adventitia (b) . The white region 
5 looking like a railway indicates the place in which the gene was not 
transfected, where the endothelium had been removed by injury during 
operation (a: arrowhead) . A zonal blue line was frequently observed 
in adventitia, which indicates the gene transfer into vasa vasora 
(vessel wall nutrient vessel) (b: arrow) . Blue spots were absent from 

10 the vein infected with wild-type SeV (c) . The original magnifications 
are 12x for (a) , 36x for (b) , and 8x for (c) . 

(d) and (e) show the histological observations of the same vein 
as shown in (a) to (c) . Most of luminal endothelial cells (d) and 
some of the adventitial vasa vasora and cells surrounding the vessel 

15 (e) were stained blue intensely. Nuclei were counter-stained with 
fast red. The original magnification is 200x for (d and e) . 

Figure 10 shows photographs for stereomicroscopic observation 
and light microscopic observation showing the result of examination 
for p-galactosidase expression in the balloon-injured vein transf ected 

20 with SeV-NLS-lacZ (5x 10^ pfu) by exposing to the lumen of the 
balloon-injured vein at injection pressure 150 mmHg for 10 min (n=6 
for each) . After 2 days, the infected vein was fixed in 2% 
paraformaldehyde plus 0.25% glutaraldehyde for 10 min and incubated 
in X-Gal solution for 3 hr at room temperature. 

25 (a) and (b) show typical stereomicroscopic observations of the 

balloon-injured vein exposed to SeV-NLS-lacZ at injection pressure 
150 mmHg. The blue spots on the luminal surface disappeared markedly, 
and became sporadic (a. Compare with Figure 9a) . In addition, zonal 
blue lines were also found in adventitia, indicating the gene transfer 

30 into vasa vasora (b: arrowhead) . The original magnifications are 8x 
for (a) and 12x for (b) . 

(c) to (e) show the histological observations of the same vein 
as shown in (a) and (b) . Most of the luminal endothelial cells were 
ablated, and accordingly, the vein was negative for X-Gal staining, 

35 whereas blue cells were found in thin neointima sporadically (c: arrow) . 

(d) shows histological observations of another vein containing 
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thick neointima. Note that blue cells were absent from the luminal 
surface and neointima except some blue cells in boxed area. 

(e) shows a higher magnification image of (d) . Some of the 
neointimal capillaries were positive for X-Gal staining. Nuclei were 

5 counter-stained by fast red. The original magnification is 200x for 
(c) , 60x for (d) , and 200x for (e) . 

Figure 11 shows photographs for stereomicroscopic observation 

and light microscopic observation for (i-galactosidase expression in 
the balloon-injured vein, which was transfected by exposing 
10 SeV-NLS-lacZ (SxlO^pfu) to the lumen of the vein at in j ection pressure 
150 mmHg for 10 iriin (n=6 for each) . Two days after transf ection, the 
vein was fixed in 2% paraformaldehyde plus 0.25% glutaraldeyde for 
10 min, and incubated for 3 hr in X-Gal solution at room temperature. 

(f) and (g) show histological observations of another vein having 
15 neointima torn apart. In (f ) , as in Figures 10(c) to (e) , most of 

the luminal endothelial cells and the neointimal cells were, negative 
for X-Gal staining, whereas blue cells were present in media and 
adventitia sporadically. (g) shows a higher magnification image of 
the boxed area in (f ) . Some of the vascular smooth muscle cells with 

20 spindle-shape were clearly positive for X-Gal staining (arrow) . 
Nuclei were counter-stained by fast red. The original magnifications 
are 60x for (f ) and 200x for (g) . 

Figure 12 shows photographs representing the result of in vivo 
gene transfer into rabbit carotid. Two days after SeV-NLS-lacZ (5x 

25 10^ pfu) was transfected into the carotid, the carotids were dissected 
and stained with X-Gal, and then sections were prepared. 

Figure 13 shows the result of ex vivo SeV vector-mediated gene 
transfer into rat thoracic artery. 

(a) shows the dose-dependent transfection efficiency of GFP/SeV 

30 into rat thoracic artery. Dissected rat thoracic artery was immersed 
in 100 |Lil of Hanks solution containing GFP/SeV at the indicated 
concentrations for 10 min and washed twice. The infected arteries 
were plated on 24-well plates and cultured in DMEM containing 10% 
FBS in a CO2 incubator for 48 hr. The arteries were examined by 

35 fluorescence light microscopy, and the cell number per 1 mm^ was counted 
(n=6 for each) . Data indicates dose-dependent transfection of 
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GFP/SeV. 

(b) shows time-dependent transf ection efficiency of GFP/SeV into 
rat thoracic artery. Dissected rat thoracic artery was immersed in 
solution containing GFP/SeV at Ix 10® pfu/ml for the indicated times 

5 and washed twice. The arteries were plated on 24-well plates and 
cultured in DMEM containing 10% FBS in a CO2 incubator for 48 hr. The 
arteries. were examined by fluorescence light microscopy, and the cell 
number per 1 mm^ was counted (n=6 for each) . 

(c) shows a comparison of transfection efficiencies into rat 
10 thoracic artery between SeV and adenovirus vectors. Dissected rat 

thoracic artery was immersed in solution containing LacZ/SeV or 
LacZ /Adenovirus at the indicate concentrations for 2 min and washed 
twice • The infected arteries were plated on 2 4 -well plates and cultured 
in DMEM containing 10% FBS in a CO2 incubator for 48 hr. The arteries 

15 were fixed for lOmin and stained for 3 hr using the p-galactosidase 
staining kit. The cell number per 1 mm^ was counted (n=6 for each) . 

Figure 14 is a diagram representing the elevation of transfection 
efficiency of SeV into blood vessel by pretreatment with protease. 
Dissected rat thoracic arteries were pretreated with various proteases 

20 for 5 min before transfection. Hanks solution containing protease 
was pre-warmed for 10 min . The arteries were immersed in Hanks solution 
containing LacZ/SeV (Ix 10® pfu/ml) for 2 min, washed, and cultured 
for 48 hr. The arteries were stained for 3 hr for the detection of 
P-galactosidase activity . Collagenase type 4 (COL), urokinase (uPA) , 

25 tissue plasminogen activator (tPA) , elastase (EL) , and matrix 
metalloproteases (MMP9 and MMP2) , which were preactivated with APMA, 
were used (n=5 for each) . 

Figure 15 shows photographs representing the result of ex vivo 
SeV vector-mediated gene transfer into rat media by protease 

30 pretreatment . Sections of the rat thoracic arteries transf ected with 
SeV in Figure 14 were shown. Nuclei were counter-stained with fast 
red. The cells successfully transfected were limited to the vascular, 
endothelial cells in the arteries untreated, or those treated with 
elastase, urokinase, or tPA. In contrast, in the arteries pretreated 

35 with collagenase type 4, MMP9, or MMP2, transfected cells were found 
in themedial vascular smoothmuscle cells beyondbasal lamina . Enzymes 
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transfected into media are capable of digesting basal lamina, 
suggesting that digestion of the basal lamina is essential for 
transfection into media. Moreover, although it was impossible to 
transfer genes into media using tPA alone, transfer into media was 
5 possible in the presence of medium containing 10% FBS . This could 
be because t PA digested plasminogen in serum, and thereby active plasmin 
was produced. 

^"untreated": without protease treatment, ""elastase": treated 
with elastase, ""collagenase" : treated with collagenase type 4 , ''MMP9": 

10 treated with activated MMP9, ^"uPA": treated with urokinase, ''MMP2": 
treated with activated MMP2, '"tPA": treated with tPA, and '^tPA+10% 
FBS": treated with tPA in the presence of 10% FBS. 

Figure 16 is photographs representing the result of in vivo 
SeV-mediated gene transfer into rat vascular media by protease 

15 pretreatment . To examine the effect of protease pretreatment on in 
vivo gene transfer, rat abdominal aorta and carotid arteries were 
subjected to gene transfer mediated by SeV vector. Sections of rat 
abdominal aorta (A, B, C, and D) and rat carotid arteries (E and F) 
transfected with NLS-lacZ/SeV were shown. For gene transfer into the 

20 abdominal aorta, rats were subjected to vent rot omy. After the arteries 
and veins were ablated from abdominal aorta, the branch was clipped 
to stop blood flow, and protease was injected using the needle for 
insulin injection. After 5 min, the aorta was washed extensively with 
saline and injected with 25 |Lil of NLS-lacZ/SeV (Ix 10^ pfu/ml) . After 

25 2 min, blood flow was reestablished. After 3 days, the infected vessels 
were dissected, fixed, and stained using the p-galactosidase staining 
kit. For gene transfer into rat carotids, the arteria carotis communis 
were transfected by similar procedures as described above, except 
that, in F, the carotids were washed with saline and then administered 

30 with protease and vector simultaneously by injecting 10 |il of 1:1 
mixture of collagenase type 4 solution (final 500 unit /ml) and 
NLS-lacZ/SeV solution (final Ix 10^ pfu/ml) . After 5 min, blood flow 
was reestablished. After 3 days, the infected vessels were dissected, 
fixed and stained using the p-galactosidase staining kit In the artery 

35 without protease treatment, SeV transfection was only found into the 
vascular endothelial cells, whereas, in the arteries pretreated with 
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such enzymes, the vector was transf acted into media. The medial gene 
transfer was also observed in the artery treated with protease and 
vector simultaneously. 

^^untreated" : without protease treatment, ^^MMP9": treated with 
5 activated MMP9, ^^plasmin": treated with plasmin, ^'MMP2": treated with 
activated MMP2, and ^'collagenase" : treated with collagenase type 4. 

Figure 17 shows photographs of human great saphenous vein . 
subjected to ex vivo SeV vector-mediated gene transfer by protease 
treatment . Human great saphenous veins obtained f rompatients of lower 
10 limb varix on surgery were used to examine the effect of protease 
treatment on ex vivo SeV vector-mediated gene transfer into neointima . 
Sections of the vein without protease treatment (A) , the veins 
simultaneously treated with MMP2 and NLS-lacZ/SeV (Ix 10^ pfu/ml) (B) , 
or the veins simultaneously treated with plasmin and NLS-lacZ/SeV 
15 (Ix 10^ pfu/ml) (C) are shown. Treatment with MMP2 or plasmin enabled 
transf ection into neointima underneath basal lamina . 

"untreated": without protease treatment, "MMP2": treated with 
activated MMP2, and "plasmin": treated with plasmin, 

20 Best Mode for Carrying out the Invention 

The present invention is illustrated in detail below with 
reference to examples, but it is not to be construed as being limited 
thereto. All the references (including references, patents, and 
published patent applications) cited herein are incorporated by 

25 reference. The methods used in the Examples are described below. 

i) Cells and in vitro gene transfer 

Bovine aorta smooth muscle cells (BSMC) were prepared frombovine 

aorta as described previously (Yonemitsu Y. et al.. Lab. Invest. 
30 75:313-323 (1996); Yonemitsu Y . et al . , Biochem. Biophys . Res . Commun . 

231:447-4 51 (1997); Yonemitsu Y. et al. , Circ. Res. 82:147-156 (19 98)). 

C0S7 cells, which are African green monkey kidney cells transformed 

with simian virus 40 large T antigen, and human embryonic kidney cells 

(HEK293) were obtained f rom ATCC (American Type Culture Collection) . 
35 Cells were cultured in plastic dishes containing- Dulbecco' s modified 

Eagle medium (DMEM) supplemented with 10% fetal bovine serum (FBS) . 
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BSMC at passages 6 to 8 were used in the experiments. In all the 
experiments., transf ection was performed by adding a solution of various 
concentrations of vector to the culture medium. Except in Figure 4, 
each reporter gene was assayed at 48 hr after transfection unless 
5 . otherwise specified . Details of each experiment were described herein 
and legend in the figures. 

ii) Lucif erase assay and luminescent t3-galactosidase assay of cultured 
cells . 

Forty-eight hours after transfection, cells were washed twice 
with phosphate-buffered saline (PBS: 137mMNaCl, SmMKCl, 8mMNa2HP04, 
and 1 mM KH2PO4, pH 7.2), and treated with 200 |j.l of Ix Cell Culture 
Lysis Reagent (Promega, Madison, MA) . The cell lysates were 
transferred into 1.5 ml Eppendorf tubes, and centrifuged at 15,000 
rpmto remove cell debris . In lucif erase assay, 20 |il of the supernatant 
was added to 100 |il of luciferase assay buffer (Promega), and the 
relative activity of luciferase was measured on a luminometer (Model 
LB9507, EG&G Berthold) . In luminescent p-galactosidase assay, 20 \il 
of the supernatant was added to 200 |xl of p-galactosidase reaction 
buffer (Clontech Inc., Palo Alto, CA) , and the relative activity of 
luciferase was measured on a luminometer. Concentration of the 
proteins was determined by Bradford method using a commercial protein 
assay system (Bio-Rad Laboratories Ltd., Hertfordshire, UK), and data 
were expressed as RLU (relative light unit)/mg protein. 
Representative results were obtained by repeating experiments at least 
three times. 

iii) X-Gal histochemistry of cultured cells 
Forty-eight hours after transfection, cells were washed twice 

30 with PBS, and fixed with 2% formaldehyde for 10 min. Cells were washed 
twice by immersing in PBS containing 0.1% Triton X-100, then X-Gal 
solution (0.2% 5-bromo-4-chloro-3-indolyl-p-D-galactoside, 1 mM 
K4(CN)6, 3.3 mM K3(CN)6. 60 mM Na2HP04. and 40 mM NaH2P04) was added 
to each well, and the mixture was left at room temperature for 1 hr. 

35 The staining reaction was terminated by immersing cells in PBS, and 
cells were examined under phase contrast microscope. 
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iv) Gene transfer into human saphenous vein and cultured organs 

Human great saphenous veins were prepared freshly from patients 
during ablation of the varix in the lower limb, and subjected to one 
5 of the following two different gene transfer methods at random. Twenty 
veins were collected . (male : 6, female: 14; age: 22 to 82, average 
57.4), from which two veins having obvious phlebitis were excluded. 
The veins obtained were cut into several sections and used for the 
following experiments . 

10 1. Simple floating method: 

Eighty-five sections were used in total (56 for luciferase assay 
and 2 9 for X-gal histochemistry) . Veins were washed four times with 
PBS, and further washed three times with DMEM supplemented with 10% 
FBS to remove blood. The veins were sliced into sections of 5 to 10 

15 mm length, and immersed in fresh medium containing various 
concentrations of vector. At an appropriate time point, the veins 
were washed by immersing in culture medium, transferred into 6-well 
plates, and cultured (organ culture) . 
2. Gene transfer into lumen: 

20 Total 71 sections were used. Veins were cut at 3 to 4 cm intervals 

to prepare segments. To ensure that valve does not interfere with 
injection, the external cylinder of the 24G needle was inserted into 
the segments from the distal end, and tied with 2-0 silk thread. The 
distal end was fixed by vessel clamps. Two ml of vector solution 

25 containing various concentrations of vector was injected into the ' 
luminal space with continuous positive pressure (measured by 
hemodynamometer) at 0 (mock exposure: n=24), 150 mmHg (n=ll), 300 
mmHg (n=9) , or 760 mmHg (n=5) , and incubated for 10 min. Some of the 
segments were injured on the endothelium by scraping with the 4 Fr 

30 Forgarty catheter (0 mmHg: n=7, 150 mmHg: n=6, 300 mmHg: n=9) . After 
48-hr organ culture, the segments were subjected to an appropriate 
reporter assay. 

v) X-Gal histochemistry of human vein 
35 Forty-eight hours after transf ection, the segments of veins were 

immersed in and washed with PBS, and fixed with 2% formaldehyde plus 
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0.25% glutaraldehyde for 10 min. Then^ the segments were inunersed 
in and washed with PBS containing 0.1% Triton X-100, and incubated 
in X-Gal solution for 3 hr on a reciprocal shaker . X-gal stained samples 
were further fixed with phosphate-buffered formalin, and examined 
5 under stereomicroscope . Then, the samples were cut at about 5 mm 
intervals to prepare smaller segments, which were embedded in paraffin 
(1 to 6 segments/tissue) to prepare sections of 3 |Lun in thickness. 
Thus obtained sections were stained with nuclear fast red or ordinary 
hematoxylin-eosin staining, and examined under light microscope . The 
10 numbers of examined tissue sections are shown in Table 1. 

vi) Lucif erase assay of human vein 

Forty-eight hours after transf ection, the segments of veins were 
immersed in and washed with PBS, and cut into small pieces with scissors 
15 in 500 |xl of Ix Cell Culture Lysis buffer. Cell lysates were centrifuged 
at 15, 000 rpm for 5 min at 4°C, and 20 |li1 of the supernatant was subjected 
to the lucif erase assay using a luminometer as described above. 

vii) Antibodies and immunohistochemistry 
Primary antibodies used in the Examples are as follows; a 

monoclonal antibody against CD34 (Dakopatts) for endothelial cells, 
and a monoclonal antibody against HHF35 (Enzo Co., Farmingdate, NY) 
for vascular smooth muscle cells . Immunohistochemistry was performed 
by the standard avidin-biotin complex method (Hsu S.M. et al., J. 
Histochem. Cytochem. 29:577-580 (1981a)) with minor modifications . 
Briefly, thin sections of veins that had been stained with X-Gal and 
embedded in paraffin were depleted of paraffin completely, and treated 
with normal rabbit serum (1:10 dilution) for 30 min to block non-specific 
binding. The sections were incubated with primary antibodies (or with 
non-sensitized mouse IgG as a negative control) at 4®C overnight. The 
sections were treated with methanol solution containing 0.3% H2O2 for 
30 min to block endogenous peroxidase activity, and then incubated 
with biotin-conjugated rabbit anti-mouse IgG+IgA+IgM antibodies 
(Histofine SAB-PO(M) kit; Nichirei Co. Ltd., Tokyo, Japan) for 30 
min. The sections were washed extensively with PBS, then incubated 
with avidin-biotin-conjugated horse radish peroxidase complex 
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(Nichirei Co Ltd*)/ and finally developed by incubating with 0.03% 
H2O2and0.1% diaminobenzidinetetrahydrochloride (Merck, Darmastadt, 
Germany) . 

5 viii) Statistical analysis 

All data were expressed as means ± standard deviation (S.D.) . 
Data were analyzed by Mann-Whitney U-test, and the null hypothesis 
was rejected at p < 0.05. 

10 [Example 1] Construction and reconstitution of recombinant Sendai 
virus vectors 

Recombinant SeV was constructed as previously described (Kato 
A. et al.. Genes Cells 1:569-579 (1996); Kato A. et al., EMBO J. 
16:578-587 (1997); Yu D. et al.. Genes Cells 2:457-466 (1997); Hasan 

15 M.K. et al., J. Gen. Virol. 78:2813-2820 (1997); Sakai Y. et al., 
FEBS Lett. 456:221-226 (1999)). First, an 18 bp spacer sequence 
containing the NotI site ( 5' - (G) -CGGCCGCAGATCTTCACG-3' ; SEQ ID NO: 
3) was inserted into the region between the 5' -untranslated region 
and the initiation codon of the gene encoding nuclear (N-) protein. 

20 Thus cloned SeV genome also contains the self-cleaving ribozyme site 
derived from the antigenomic strand of hepatitis virus delta (Kato 
A. et al.. Genes Cells 1:569-579 (1996)) . Full length cDNA encoding 
lucif erase and E.coli lacZ gene containing the nuclear localization 
signal (NLS) were amplified by polymerase chain reaction (PCR) using 

25 primers containing the NotI site and a set of SeV E and S signal sequence 
tags for a foreign gene. The amplified products were inserted into 
the NotI site of the cloned SeV genome. Total length of a template 
SeV genome containing a foreign gene was adjusted to be a multiple 
• of hexamer (so called ''the rule of six''; Kolakofsky D. et al., J. 

30 Virol. 72:891-899 (1998)). The template SeV genome containing foreign 
gene and plasmids encoding and L-protein (pGEM-N, pGEM-P, 

and pGEM-L, respectively) were mixed with a commercial cationic lipid 
to form a complex, and the complex vaccinia virus vT7-3 were 
co-transfected into CV-1 or LLMCK2 cells (Fuerst T.R. et al . , Proc. 

35 Natl. Acad. Sci. U.S.A. 83: 8122-812 6 (198 6) ) . After 4 0 hr, cells were 
disrupted by f reeze-thawing three times, and injected into the 
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chorioallantoic lumen of 10~day-old embryonated chicken eggs. The 
resulting recombinant virus was collected, and re-amplified in chicken 
eggs to get rid of vaccinia virus. The virus titer was determined 
by measuring hemagglutination activity using chicken erythrocytes 
5 (Yonemitsu Y. and Kaneda Y. Hemagglutinating virus of 
Japan-liposome-mediated gene delivery to vascular cells. Ed. by Baker 
A.H. Molecular Biology of Vascular Diseases. Methods in Molecular 
Medicine: Humana Press, pp. 295-306 (1999)). Virus-containing 
allantoic solution is prepared as a composition containing the 
10 recombinant virus vector of the present invention (SeV-NLS-lacZ) , 
and stored at -SO'^C as a frozen stock until use. A composition 
containing another recombinant virus vector, SeV-luc (Hasan M.K. et 
al., J. Gen. Virol. 78:2813-2820 (1997)), was similarly prepared. 

15 [Example 2] Dose-dependent transfection of SeV in vivo and ex vivo 
Logarithmically growing cultures of an established cell line, 
C0S7 cells and human embryonic kidney HEK293 cells, both of which 
are well known to be easily transfected, as well as BSMC were used 
to estimate the dose-dependent SeV-mediated gene transfer. 

20 Forty-eight hours after SeV-luc transfection, in both C0S7 cells and 
HEK293 cells, luciferase expression was increased in dose-dependent 
manner, and it reached a plateau at titers higher than M0I=3 (data 
not shown) . Under similar conditions, the luciferase expression in 
BSMC also increased in dose-dependent manner, and continued to increase 

25 even at MOI-lOO, as shown in Figure 1 (n=6 for each; untreated control: 
46,990.57+3,849.08 RLU (relative light unit) /mg; mock transfection 
where wild-type SeV was used at MOI=100 : 4.3+0.3 (x 10^) RLU/mg; SeV-luc 
at MOI=0.1: 4 . 1±0 . 2 (x 10^) RLU/mg; SeV-luc at MOI=1.0: 4 . 5±0 . 6 (x 
10^) RLU/mg; SeV-luc at MOI=10: 3.4±0.2 (x 10^°) RLU/mg; and SeV-luc 

30 at MOI=100: 9 . 5±0 . 7 (x 10^^) RLU/mg). Next, the present inventors 
evaluated the transfection efficiency using SeV-NLS-luc (n=3 for each. 
Figure 2) . X-Gal histochemistry showed that the frequency of 
blue-stained cells was increased in dose-dependent manner, and that, 
at MOI-lOO, 90% or more BSMC became positive. 

35 Next, the present inventors examined whether the recombinant 

SeV was capable of being transfected into human vessel wall, using 



wo 01/53491 



44 



human great saphenous veins that were obtained on surgery. Segments 
of veins, each 5 to 10 mm in length, were incubated in vector solution 
containing SeV-luc at different concentrations for 1 hr, washed 4 
times by immersing in medium, and then immediately cultured in fresh 
medium (n=6 for each) . After 48 hr, luciferase activity was measured. 
Data in Figure 3 show, that the luciferase activity increased clearly 
in dose-dependent manner as in BSMC (n=6 for each; untreated control: 
1.7+0.4 (xlO^) RLU/mg; SeV-luc (lO'^pfu) : 1 . 2±0 . 2 (xlO^) RLU/mg; SeV-luc 
(10^ pfu) : 1.2±1.0 (X 10^) RLU/mg; SeV-luc (10^ pfu) : 2.7+0.8 (x 10^) 
RLU/mg) . 

[Example 3] Time-dependent gene expression level after SeV-mediated 
gene transfer In vitro 

To get information on time-dependent expression of a foreign 
gene transf ected by SeV, the present inventors evaluated the luciferase 
activity in BSMC at certain time points after treatment with SeV-luc 
at MOI=10 (n=6 for each point) . As shown in Figure 4, significant 
luciferase activity was already detected just 1 hr after transf ection, 
and the expression level increased logarithmically in time-dependent 
manner (mock transf ection: 4 . 6±0 . 4 (x 10^) RLU/mg; 1 hr after 
transfection: 2 . 3±0 . 3 (x 10^) RLU/mg; 6 hr after transf ection: 1.9±0,3 
(X 10"^) RLU/mg; 12 hr after transfection: 1.9±0.1 (x 10^) RLU/mg; and 
24 hr after transfection: 2 . 9±0 . 5 (x 10^°) RLU/mg). The luciferase 
activity reached a plateau 2 to 3 days after transfection (2 days 
after transfection: 2 . 1±0 . 2 (x 10^^ RLU/mg; and 3 days after 
transfection: 3 . 7±0 . 2 (x 10^^) RLU/mg). Accordingly, the assay was 
usually performed 2 days after transfection in the following Examples . 

[Example 4] Effect of SeV-mediated gene transfection on cell 
proliferation 

Next, the present inventors examined the effect of SeV-mediated 
gene transfection on the proliferation of BMSC to evaluate the 
cytotoxicity of the vector against BSMC, As shown in Figure 5, the 
proliferation of BSMC was not inhibited by the infection of wild-type 
SeV up to MOI = 100. However, on day 8 at MOI=1, 000, the cell 
proliferation was clearly inhibited {p<0.01). 
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[Example 5] Time course of foreign gene expression 

Paramyxoviridae including SeV replicate their genome and express 
there genes in the host cytoplasm. This suggests stable expression 
5 of reporter genes in the daughter cells . However, the expression level 
of therapeutic genes could be affected by genome having DI (defective 
interfering) effect or by possibility of accumulation of spontaneous 
mutations (Calain P. et al.. Virology 212:163-173 (1995)). To test 
this, the present inventors evaluated the time course of reporter 
10 gene expression after SeV-luc-mediated gene transfer using 
proliferating cells or quiescent cells, in a series of the following 
experiments . 

First, BSMCs growing logarithmically in 75 mm^ flasks were 
infected with SeV-luc at MOI=0.1, 1, and 10. At the indicated time 

15 points, three quarters of the cells were subjected to luciferase assay, 
and the rest of them were subjected to passage culture. For the three 
different dosages, the luciferase expression was sustained at high 
level until day 37 and relatively stable (Figure 6a) . The experiment 
was repeated three times, and similar results were obtained. 

20 Next, the present inventors evaluated the time course of reporter 

gene expression using quiescent BSMC, as follows . Cells were rendered 
to be confluent (dense), and left for additional 2 days or longer 
to stop cell cycle. More than 95% of BSMCs were made to be in the 
Gl/GO phase using FACScan (data not shown) . The quiescent BSMCs were 

25 exposed to SeV-luc at MOI=0.1, 1, and 10 for 1 hr, and subjected to 
luciferase assay at the indicated time points (n=6 for each. Figure 
6b) . The expression of the foreign gene reached the maximum level 
on day 2 (1.1±0.4 x 10^^ RLU/mg) and was gradually falling down as 
time passed. The luciferase activity reached the lowest level on day 

30 14 (2.1±0.8 x 10^° RLU/mg). Then, the luciferase activity began 
increasing gradually, and kept increasing at least until day 28 . These 
results indicate that the expression of a gene transfected by SeV 
can be sustained at relatively high level over at least 1 month. 



35 



[Example 6] Effect of vector exposure time on SeV-mediated gene 
transfer into BSMC and human saphenous vein 
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The current vectors used for gene transfer require relatively 
long exposure time, which is considered as one of the major limitations 
on the vectors when they are used in clinical applications. To check 
this in the SeV-mediated gene transfer system, the present inventors 
5 examined the dependency of the transfection efficiency on exposure 
time using quiescent BSMC and human saphenous vein. 

For BSMC, cells were plated in 6-well plates, rendered to be 
confluent, and left for additional 2 days. It is confirmed using 
FACScan that more than 95% of BSMCs were in the GO/Gl phase. (data 

10 not shown) . SeV-luc (MOI=10) was added to the each wells. The medium 
was removed after 1, 2, 5, 10, 30, 60, and 180 min, and 24 and 48 
hr, and cells were washed twice with fresh medium. Then, 2 ml of DMEM 
containing 10% FBS was added to the wells. Forty-eight hours after 
transfection, cells were subjected to luciferase assay as described 

15 above. 

Interestingly, as shown in Figure 7a, SeV-mediated luciferase 
gene expression was hardly affected by the time for interaction between 
the vector and cells: 1 min exposure was 'enough to achieve similar 
level of luciferase activity to that obtained by 48 hr exposure (n=6 
20 for each) . 

The above findings were representatively observed in human 
saphenous veins (Figure 7b) as well, and similar findings were also 
observed when BSMCs were transfected with SeV-NLS-lacZ . As shown in 
Figure 7b, treatment for just 1 min with vector solution was enough 

25 to achieve a similar level of luciferase activity to that obtained 
by 48 hr treatment. These results indicate that the time for 
interaction between the vector and cells is not critical for 
SeV-mediated gene transfer. 

In contrast, the transfection activity of a lacZ-encoding 

30 adenovirus vector was dependent on the incubation time under similar 
conditions, as reported previously (Guzman R.J. et al.. Circulation 
88:2838-2848 (1993)) (Figure 8). 

[Example 7] Efficiency of transfection into human saphenous vein. 
35 To identify the exact cell types that are transfected by 

SeV-mediated gene transfer in human blood vessel , human great saphenous 
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veins were obtained from patients upon ablation of the varix. The 
merits of their use are (1) that one can use diseased human blood vessels 
containing various degrees of myofibrillar neointima, (2) that it 
is easy to obtain vessels in large quantity, and (3) that one can 
5 avoidbacterial contamination, which happens frequently. Conversely, 
the disadvantages are (1) that ECs can be easily lost by manipulations, 
and (2) that such veins tend to have severe fibrosis in the vessel 
wall and reduced number of medial cells. 

First, the present inventors evaluated the gene transfer through 

10 the lumen using different pressures for injection. Two milliliter 
of SeV-NLS-lacZ (5x 10^ pfu) was injected into 3- to 4-cm vein segments 
with pressure 0, 150, 300, and 760 mmHg for 10 min (n=6 for each) . 
The vector solution was also injected using the same pressures into 
the vessels injured by the balloon catheters {n=6 for each) . As a 

15 control, wild-type SeV was injected (n=6) . The gene expression was 
estimated by X-Gal staining after 48 hr. 

The viability of vein cells was evaluated by counter staining 
of the nuclei using Hematoxilin (Table 1) . In the group that had 
been treated with 760 mmHg, the numbers of CD34 positive EC and HHF35 

20 positive VSMC were clearly reduced in all five segments; therefore, 
the group was excluded from further evaluations. In the group injured 
with the balloon catheters, the luminal surface was found severely 
injured; therefore, the ECs of the lumen were not evaluated. For other 
groups, there was no significant difference in the average cell number 

25 among groups; therefore, they were evaluated by X-Gal staining. 
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Examination of the vessels exposed to SeV-NLS-lacZ with different 
injection pressures revealed that blue spots intensely stained were 
distributed at high frequency on the luminal surface and in adventitia 
(Figures 9a and b) . Blue spots were not found in the vessel exposed 
to the wild-type SeV (Figure 9c) . Using histological tests, most of 
the blue cells were identified as ECs on the luminal surface or those 
of vasa vasora, and as fibroblasts in adventitia (Figures 9d and e) . 
This was confirmed by immunohistochemistry (data not shown) . 

In the balloon-injured vessel, the number of blue spots on the 
luminal surface was greatly reduced (Figure 10a) , whereas the number 
in adventitia including vasa vasora was similar to that in uninjured 
vessels (Figure 10b, arrowhead). The results were confirmed by 
histochemistry; cells containing blue nuclei were sparsely distributed 
in vessels having thin neointima (Figure 10c, arrowhead), whereas 
few of them were observed in vessels having thick neointima, except 
scattered capillary ECs (Figures lOd and e, arrow) . Certain area of 
broken neointima was found to contain medial cells positive for X-Gal 
at relatively high frequency, which suggests that the transfection 
efficiency of SeV vector into vascular smooth muscle cells may not 
be low (Figures llf and g, arrow). These results indicate that 
neointima substantially interferes with SeV-mediated gene transfer 
into human blood vessels whereas ECs do not. 

Sections were further subjected to immunohistochemistry to 
determine the ratio of X~gal positive cells in intima, media, and 
adventitia (Table 2) . At all injection pressures, the efficiency of 
SeV-mediated transfection into the uninjured vein was almost equal 
to that obtained by simple floating method, whereas the number of 
transfected cells was slightly increased at 300 mmHg in neointima 
using the injured vein. Additionally, when neointima was torn, there 
was obvious increase in the number of X-Gal positive cells in media 
and adventitia at 300 mmHg. This is consistent with the histological 
data shown in Figures llf and g. The efficiency of transfection into 
neointima was still low in torn samples, which suggests that the vector 
permeability into neointima area is low. 
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[Example 8] I n vivo gene transfer into rabbit carotid artery 

Male Japanese White rabbits (2 . 5 to 3 . 5 kg in weight ) anesthetized 
with pentobarbital were cut at the neck by. midline incision, and the 
carotid arteries were exposed. Sheath of advent it ia surrounding the 
media was picked up by fine forceps, and appropriate amount of 
SeV-NLS-lacZ (5x lO' pfu) (usually approximately 500 jil) was injected 
using 26-gauge needle, with media kept uninjured. Then, the incision 
was sewed up together. 

After 2 days , rabbits were anesthetized again with pentobarbital , 
the incision was opened, and 18-gauge elaster was inserted through 
the external carotid. After the lumen was washed with saline containing 
heparin, the arteries were cut off and fixed with fixative solution 
(2% paraformaldehyde plus 0.25% glutaraldehyde) for 10 min. The 
vessels were washed extensively with PBS, immersed in X-Gal solution, 
and incubated at room temperature for 3 hr on a shaker. Then, the 
vessel walls were washed with a large volume of PBS, fixed again with 
neutral formalin, and sectioned. As a result, the nuclei of adventitia 
cells were stained blue, indicating that SeV-mediated gene transfer 
into vascular cells was effective in vivo as well (Figure 12) . 

By similar methods, it is possible to transfer a gene into the 
lower limb bypass grafted vessel wall, coronary aorta in heart, or 
so on . 

Injection into the lumen usingpositive pressure maybe performed 
as follows. For rabbits, Japanese White rabbits anesthetized with 
pentobarbital plus ketamin were cut at the neck by midline incision, 
and the right common carotid artery, internal carotid artery, and 
external carotid artery were exposed. The branch vessels from the 
common carotid artery were bent up, and the common carotid artery 
and internal carotid artery were clamped at the end closer to the 
heart and the end closer to the head, respectively. A small hole was " 
made on the external carotid artery wall using small scissors, and 
the 18-gauge double lumen catheter was kept against internal carotid 
artery. One end of the catheter was opened, and approximately 5 cc 
of buffer was in j ected through the other end to wash out blood components 
completely. Then, one end was closed and the other was connected with 
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hemodynamometer. Virus solution was injected through trivalve 
junction linked to the tube connecting with hemodynamometer, and the 
lumen was filled. The end was closed, arbitrary pressure (normally 
150 mmHg) was applied by hemodynamometer, and the artery was left 
for 10 min. The virus solution was recovered, the catheters were 
removed, and the external carotid was tied. The common carotid artery 
..and internal carotid artery were opened, to. reestablish, bipod . flo.w. . 

[Example 91 — Ex vivo ge ne transfer of SeV vector into rat thoracic 
artery 

The efficiency of SeV-mediated gene transfer into rat artery 
was examined using rat thoracic arteries . Wister rats (Charles River) , 
9- to 12-week-old male, anesthetized with Nembutal were subjected 
to ventrotomy, and the thoracic aorta was dissected. The blood vessels 
were washed with Hanks solution (GIBCO BRL) , and tubular portions 
cut vertically into laminar pieces . The laminae were further cut into 
approximately 4 x 5 mm laminae. The laminae were washed with Hanks 
solution, and immersed for 10 min in Hanks solution which contained 
GFP/SeV expressing GFP or SeV-NLS-lacZ at the indicated concentrations . 
The samples were washed twice with Hanks solution, and cultured in 
DMEM (GIBCO BRL) containing 10% FBS (GIBCO BRL) in an incubator at 
5% CO2. The next day, the medium was replaced with fresh one. After 
an additional day, the samples, were fixed and stained for 3 hr using 
the p-gal staining kit (Invitrogen) . After cell number was counted, 
cells were post-fixed, and frozen sections and paraffin sections were 
prepared. 

To prepare frozen sections, the laminar samples were embedded 
with OCT compound (Tissue-Tek) after staining with the p-gal staining 
kit (Invitrogen) . Then, 6 |am sections were prepared using a cryostat, 
andcounterstainedusingnucleo fast red (Wako, 142-04331) . Toprepare 
paraffin sections, the laminar samples were stained with the p-gal 
staining kit and post-fixed with 10% formalin. Then, the samples were 
dehydrated with ethanol, permeabilized, embedded with paraffin, and 
cut into 4 Jim sections with, a microtome. 

As was in the cultured vascular cells and in human great saphenous ■ 
veins described in above Examples, the transfection efficiency of 
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the vectors was increased in dose-dependent manner (Figure 13a) , and 
reached a pLateau with 2 min exposure (Figure 13b) . The SeV vector 
achieved high transfection efficiency at lower concentrations as 
compared with adenovirus vector (Figure 13c) . 

.[Example 101 Improved infectivity and transfection into media by 

protease treatment 

To expand the potential use of the Paramyxovirus vector, protease 
pretreatment was applied to digest extracellular matrix (ECM) , which 
interferes with the vector transfection, especially into macrophages 
and smooth muscle cells, which are locating in the more inner area 
than endothelial cells. Macrophages and smooth muscle cells are the 
main factors causing post PTCA restenosis and arteriosclerosis. To 
determine which type of protease promotes transfection into media, 
ECMs were treated with- various proteases for 5 min before SeV vector 
was transfected. Since the transfer of enzyme is restricted to the 
vascular endothelial cells, protease that are capable of digesting 
basal lamina, and those used in clinical applications to blood vessels 
were mainly selected. The rat thoracic aorta was isolated and cut 
into small pieces as in Example 9, and the segments were incubated 
at 37°C for 5 min in Hanks solution or 10% FBS (GIBCO BRL) -containing 
Hanks solution supplemented with the following protease: collagenase 
type 4 (ICN), 500 unit/ml; urokinase (COSMO BIO), 500 unit/ml; tPA 
(Calbiochem) , 500 unit/ml; elastase (COSMO BIO) , 500 unit /ml; plasmin 
(COSMO BIO) , 50 ng/ml; active-MMP2 (COSMO BIO) , 100 ng/ml; active-MMP9 
(COSMO BIO), 100 ng/ml. Solutions were pre-equilibrated to 37°C by 
warming at 37°C for 10 min. The segments were washed twice with Hanks 
solution, and immersed in Hanks solution containing GFP/SeV or 
SeV-NLS-lacZ at the indicated concentrations for 2 min. The segments 
were washed twice with Hanks solution, and cultured in DMEM (GIBCO 
BRL) containing 10% FBS (GIBCO BRL) at 5% CO2 in an incubator. After 
a day, the media was replaced, and the culture was continued for an 
additional day. Then, the segments were fixed and stained using the 
P-gal staining kit (Invitrogen) . The staining time was 3 hr. After 
the number of cells was counted, and the segments were post-fixed, 
frozen sections and paraffin-embedded sections were prepared as in 
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Example 9. 

As shown in Figure 14, the infectivity was increased by 2- to 
5-fold when SeV was infectedat Ix lO'' pf u/ml with collagenase, urokinase, 
tPA, MMP9, MMP2, or elastase. Figure 15 represents the sections 
corresponding to the data shown in Figure 14 . The examination revealed 
that pretreatment with collagenase, MMP2, and MMP9 enabled 
transfection even into the smooth muscle cells in arterial media. 
These protease are considered to have high activity because they digest 
basal lamina as a substrate, and particularly, MMP9 and MMP2 can digest 
a component of elastic fibers, elastin, as well. On the other hand, 
tPA alone did not achieve medial transfection, but, in combination 
with serum, tPA enabled transfection into media . This could be because 
plasminogen in the serum was digested into plasmin. 

[Example 11] In vivo gene transfer of SeV into rat media by protease 
treatment 

The effect of protease treatment on in vivo gene transfer was 
examined by introducing vectors into rat abdominal aorta and carotid 
artery (Figure 16) . Arteries were pretreated with the protease that 
had promoted ex vivo transfection: collagenase type 4, MMP9, and MMP2, 
and also plasmin, in place of tPA plus 10%FBS (Figures 16a to d) . 
For the carotid artery, protease and vector were mixed beforehand 
and administered taking into account of simplification of procedures 
for clinical application (Figures 16e and f) . 

For in vivo gene transfer into rat abdominal aorta using SeV 
vector, the rat was anesthetized with Nembutal and subjected to 
ventrotomy to expose the abdominal aorta. The abdominal aorta was 
clamped to stop blood flow. To prevent leakage, the branch vessels 
were also clamped. Twenty-five ^il of protease was injected into blood 
vessels using the insulin needle (TERMO) . Proteases and their 
concentrations to be used were the same as used in the above ex vivo 
experiments. Protease treatment was performed by incubating at 37°C 
for 5 min with blood flow kept stopped using cotton sticks . The artery 
was washed with 50 jal of saline using the insulin needle, similarly. 
Then,-25Hlof SeV-NLS-lacZ (Ix lO' pfu/ml) was inj ected into the vessel , 
and incubation was continued for 2 min while shielding with cotton 
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sticks. Blood flow was reestablished by unclipping, and the vessel 
was reconnected. After 3 days, the rat was subjected to ventrotomy 
again, and the infected vessel was dissected and subjected to lacZ 
staining. 

5 For in vivogene transfer into rat carotid artery using SeV vector, 

the rat was anesthetized with Nembutal, and a pillow was put under 
the lower shoulder to stretch the lower j aw . The coininon carotid artery, 
internal carotid artery, and external carotid artery were detached, 
and all the branching was cut off. The external carotid artery was 

10 tied at positions approximately 1 cm apart from the influx sites, 
and all the blood flow we*re blocked. The outer cylinder of 24-G elaster 
was inserted through the external carotid artery, and the lumen was 
washed extensively with heparin-containing saline. The catheter was 
fixed by thread. Ten |il of protease solution was injected. After 

15 5 min incubation, the vessel was washed with saline, and then 10 |il 
of SeV-NLS-lacZ (Ix 10^ pfu/ml) was injected. After 2 min incubation, 
the outer cylinder was removed, and the eye of the needle was tied 
at the center. Blood flow was reestablished and the vessel was 
reconnected. After 3 days, the rats were perfused with fixative 

20 solution (saline containing 1% paraformaldehyde and 0.2% 
glutaraldehyde) subjected to ventrotomy again, and the injected area 
was dissected. The samples were subjected to LacZ staining with the 
P-galactosidase staining kit; For simultaneous administration, 
solutions separately containing equal amount of protease as described 

25 above and SeV were prepared so that a desired final concentration 
would be obtained for each by mixing them. The solutions were prewarmed 
at Sl'^C for 10 min, mixed immediately before transf ection, and exposed 
to the vessel. After 5-min immersion, the vessel was washed twice 
with Hanks solution. -The following procedures were performed as 

30 described in Example 9... 

In the untreated sample, SeV transfection was only found in 
endothelial cells, whereas in the samples pretreated with collagen 
type 4, MMP9, MMP2, or plasmin, the SeV gene transfer was found in 
the medial layer as well. For gene transfer into rat carotid artery, 

35 the common carotid artery was used. In Figure 16f , after washed with 
saline, the sample was administered with 10 ^il of 1:1 mixture of 
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collagenase type 4 (final 500 unit/ml) and SeV-NLS-lacZ (final Ix 
10^ pfu/ml) . After 5 min, blood flow was reestablished. After 3 days, 
the injected vessels were dissected, fixed, and stained using the 
p-galactosidase staining kit. In the untreated sample, SeV 
transfection was only found in endothelial cells, whereas in the samples 
pretreated with the protease, SeV was transfected into the medial 
layer as well. Transfection into the medial layer was also achieved 
by simultaneous administration of protease and vector. 

[Example 12] Ex vivo gene transfer of SeV into human great saphenous 
vein by protease treatment 

Ex vivo gene transfer of SeV into neointima with the aid of protease 
pretreatment was performed using human great saphenous vein, which 
was provided from patients upon ablation surgery of the varix. Fat 
was removed from the thus-obtained great saphenous vein, and the vessel 
was cut into 1 cm x 1 cm laminar pieces and washed with Hanks solution. 
The sample was treated at 37°C for 5 min with protease-containing Hanks 
solution that had been prewarmed at 37°C for 10 min. After washed 
twice with Hanks solution, the sample was immersed in Hanks solution 
containing SeV-NLS-lacZ ( 5x 10^ pfu/ml ) for 2 min. After washed twice 
with Hanks solution, the sample was cultured in DMEM (GIBCO BRL) 
containing 10% FBS in an incubator at 5% CO2. After a day, the culture 
medium was replaced, and the culture was continued for an additional 
day before fixation and staining with the p-gal staining kit. The 
sample was stained for 3 hr. Then, the number of cells was counted, 
the sample was post-fixed, and paraffin sections was prepared. 

As was the case in rat arteries, SeV transfection was only found 
in endothelial cells in the untreated sample (Figure 17a) . Incontrast, 
in the samples treated with MMP2 or plasmin, transfected cells were 
found in neointima under basal lamina as well (Figures 17b and c) . 
All the proteases. used in the experiments in rat were tested, and 
only MMP2 and plasmin showed significant effect. The reason might 
be that human great saphenous vein from patients of lower limb varix 
has an enlarged layer under basal lamina, whose structure is quite 
different from those of rat arteries. Additionally, it has different 
compositions of extracellular matrix and contains fibrin fibers. 
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Therefore, it is reasonable that plasmin, which can digest both basal 
lamina and fibrin, exhibited significant effect. 

Industrial Applicability 
5 The efficiency of transfection into the blood vessel has not 

been at satisfactory level using conventional vectors. The use of 
a Paramyxovirus vector of the present invention has enabled efficiently 
transfecting genes into the vascular cells in short time. Thereby, 
the present invention has provided a basic technology for gene therapies 
10 such as those targeted at vascular cells. 
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CLAIMS 

1. A method for transferring a nucleic acid into a vascular cell, 
said method comprising a step of contacting a recombinant Paramyxovirus 

5 vector or a cell comprising said vector with said vascular cell. 

2. A method for transferring a nucleic acid into a vascular cell, 
said method comprising performing the following steps (a) and (b) 
sequentially or simultaneously: 

10 (a) treating a tissue comprising a vascular cell with a protease, 

and 

(b)- contacting a recombinant Paramyxovirus vector or a cell 
comprising said vector with said vascular cell. 

15 3 . The method according to claim 2, wherein said protease is selected 
from the group consisting of collagenase, urokinase, elastase, tissue 
plasminogen activator, plasmin, and matrix metalloproteinases . 

4. The method according to any one of claims 1 to 3, wherein said 
20 nucleic acid contained in the recombinant Paramyxovirus vector 

comprises a foreign gene. 

5. The method according to any one of claims 1 to 4, wherein said 
vascular cell is selected from the group consisting of an endothelial 

25 cell in a vascular lumen, an endothelial cell in a vasa vasorum (vessel 
wall nutrient vessel) , a vascular smooth muscle cell in vascular media, 
and an adventitial cell. 

6. The method according to any one of claims 1 to 5, wherein said 
30 Paramyxovirus is Sendai virus. 

7. A recombinant Paramyxovirus vector that transfers a nucleic acid 
into a vascular cell. 

35 8. The vector according to claim 7, wherein said Paramyxovirus is 
Sendai virus. 
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9. The vector according to claim 7 or 8, wherein said nucleic acid 
contained in the recombinant Paramyxovirus vector comprises a foreign 
gene . 

5 

10. The vector according to any one of claims 7 to 9, wherein said 
vascular cell is selected from the group consisting of an endothelial 
cell in a vascular lumen, an endothelial cell in a vasa vasorum (vessel 
wall nutrient vessel) , a vascular smooth muscle cell in vascular media, 

10 and an adventitial cell. 

11. A composition for gene transfer into a vascular cell, said 
composition comprising the recombinant Paramyxovirus vector according 
to any one of claims 7 to 10. 

15 

12. A kit for gene transfer into a vascular cell, said kit comprising 
the recombinant Paramyxovirus vector according to any one of claims 
7 to 10 and a protease. 

20 13. The kit according to claim 12, wherein said protease is selected 
from the group consisting of collagenase, urokinase, elastase, tissue 
plasminogen activator, plasmin, and matrix metalloproteinases . 
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ABSTRACT 

Use of a recombinant Paramyxovirus vector has enabled 
transferring nucleic acid into the blood vessel at high efficiency 
5 by short exposure. The present invention provides a Paramyxovirus 
vector used for transferring nucleic acid into the vascular cells 
and a method for transferring nucleic acid using such vector, 
Pretreatment of blood vessels with protease significantly improved 
the efficiency of transfection into the medial layer. The expression 
10 of transfected genes was stable in the vascular cells for a long period. 
The method of the present* invention enables efficiently transferring 
genes into tissues such as the blood vessel lumen, media, and adventitia 
in short time in such applications as gene therapy. 
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